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FOREWORD 


Based upon previous atlas work prepared at 
the National Climatic Data Center for the Naval 
Oceanography Command Uetachment, Asheville, it 
was recognized that there was a need for an 
objective climatology of the wave environment. 
An ad hoc committee of wave experts was 
established to pursue this idea. 


The development of a Spectral Ocean Wave 
Model (SOWM) by Dr. Willard J. Pierson, 
Dr. Ledolf Baer, Dr. J. Tick, and Dr. R. Salfi, 
and the operational implementation of this model 
by Fleet Numerical Oceanography Center 
FLENUMOCEANCEN made it possible to attempt such 
a project. The SOWM was used to generate 
spectral wave data at FLENUMOCEANCEN' using 

historical wind and pressure fields. The modei 
‘was run ina hindcast mode, and produced 20 
years of data for the North Atlantic Ocean on 
which this atlas is based. 
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+, INTRODUCTION 


i 
Hi 


~ 

Existing wave climatologies are primarily 
based on visual ship observations. These 
climatologies may be unreliable, particularly in 
data-sparse regions. Shipborne wave recorders 
have provided reliable wave data for selected 
areas of the oceans, but a scarcity of these 
data remains. This pilot atlas introduces a 
new, numerically derived, historical data set in 
the form of a wind and wave climatology. It is 
intended to provide the design, scientific and 
operational communities a more accurate 
representation of the overall wave climate of 
the North Atlantic Oc’ 2n than is available from 
other sources. 


Hy 








BACKGROUND 


In December 1974 the Fleet Numerical 
Oceanography Center FLENUMOCEANCEN in 
~ eonjunction with the Naval Oceanographic Office 
(HAVOCEANO) adopted the Spectral Ocean Wave 
Molel (SOWM) developed by Dr. Willard J. Pierson 
an? others to produce operational spectral wave 
data for the Northern Hemisphere. The SOWM is a 
computer-based procedure that produces a 
directional variance spectrum at specified grid 
points spaced at up to 180 nautical mile 
intervals. This spectrum defines the sea 
surface at each grid point through a 
two-dimensional (direction/frequency) matrix of 
12 directions and 15 frequency bands. Further 
information on the theoretical basis of the SOWM 
is contained in Appendix A. 











At the Seakeeping Workshop in July 1975, 
‘the rationale and structure of a hindcast wind 
and wave climatology was developed. It was 
concluded at that time that the hindcast 
climatology be intended to provide a statistical 
‘basis for evaluating the effects of the 
environment. 









A jointly funded project by the U. S. Navy, 
ithe Navionat Oceanic and Atmospheric 
‘Administration (NOAA), and the Department of 
‘Defense in the 1960's and early 1970's had 
fassembled a data base containing ship 
jobservations as far back as 1854. A major goal 
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of the effort was to produce a _e marine 
environmental history. In 1976, this new 
historical data base was combined with existing 
pressure analyses to produce a reanalysis of 
Northern Hemisphere sea-level pressure on a 63 x 
63 grid at. 00Z, 06Z, 12Z, and 182. The 
reanalysis was performed by Meteorology 
International, Inc. (MII) using a comprehensive 
technique for the objective analysis of scalar 
and vector fields called “Fields by Information 
Blending" (FIB) Mendenhall et al. (1977). 


Once the pressure fields were produced, 
wind fields (speed and direction) were computed. 
Using these modeled winds, FLENUMOCEANCEN 
generated a spectral wave field, which was 
forwarded to the David Taylor Naval Ship 
Research and Development Center (DINSRDC) for 
analysis. Appendix B- provides further 
information on the FIB technique and on the 
generation of the wind fields. 


In order to summarize a set of spectra, it 
is often useful to generalize the most 
significant characteristics. DTINSRDC, with 
Operations Research, Inc. (ORL), developed 
computer programs to derive a number of 
numerical parameters from the spectral wave 
data. The National Climatic Data Center (NCDC) 
used many of the concepts from these programs 
and others written by FLENUMOCEANCEN to 
devise a parameterization routine which was used 
for this atlas. 
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OVERVIEW 


l, PARAMETERS 


This atlas contains climatological 
summaries for seven parameters. Four of these 
parameters have already been summarized in other 
climatic atlases (U.S. Navy, 1974). These 
include wind speed and direction, significant 
wave height (hereafter referred to as the wave 
height), and wave direction, i.e., the direction 


from which the highest waves are moving 
(hereafter | referred to as primary wave 
direction). The other three parameters 


contained in the wave climate summaries for this 
atlas are: wave slope parameter, modal wave 
period, and directionality of the waves 
(hereafter referred to as the directionality). 
These three parameters have not appeared in 
previous U. S. Navy climatological atlases, 
because they cannot be directly derived from 
visual observations. However, they can be very 
important operating considerations. Appendix C 
provides a complete description of all seven 
parameters. A brief description of the wave 
slope parameter, modal wave period, and 
directionality follows. 


The wave slope of a regular wave is defined 
as the ratio of wave height to wave length. It 
is not normally reported, but it can be obtained 
from the output of the SOWM or from the 
frequency spectrum of a wave record. Ship 
rolling and hence stability is affected by the 
wave slopes of the higher waves encountered. 
The wave slope parameter is directly related to 
the wave slope. Therefore, the higher the wave 
slope parameter, the higher the wave slope. 
Table C3 in Appendix C relates the wave slope 
parameter to values of the wave slope at a fixed 
point. Steep waves are usually associated with 
wave slope parameters of 0.10 or more, while 
values of less than 0.05 are usually associated 
with more moderate conditions. 


The modal wave period is defined in terms 
of the frequency spectrum. It is the period 
associated with the maximum wave energy in the 
wave 3pectrum. Modal wave periods associated 
with wave lengths about 6.75 and i.25 ship 
Lengths (depending on ship course and speed) can 
cause resonance pitching and heaving. The modal 








wave period is not necessarily equal to the wave; 
period associated with the higher of the two: 
waves, .the sea or the swell as summarized in the 
past U. S. Navy climatologies (U. S. Navy,j 
1974). 


The directionality is a measure of the; 
uniformity of the direction of movement of the; 
waves. If the waves are all moving in a uniform 
direction then the directionality is equal to; 
one. When there is no preferred direction of! 
wave movement (a completely confused sea state); 
tie directionality takes on the value of 0. 
Obviously, ship response and maneuverability can 
be affected by the directional spread of the 
wave energy. : 


Il. DATA DISPLAYS 
ISOPLETH ANALYSES 


Isopleth analyses were completed for 
various thresholds for the percent frequency of; 
wind speed, wave height, and the wave slope’ 
parameter. These analyses were based on 81 grid 
points, 63 of which are labeled and also used inj 
tabular presentations, the remaining 18 being 
used strictly as analysis aids. All points arej 
shown on the North Atlantic map (Fig. 1) and the 
63 grid points are listed in Table 1. | 




















Computer processing difficulties during 
the generation of the SOWM hindcast data caused! 
the number of hindcasts to vary among grid 
points. As a result, approximately 0.5% of alli 
the data were lost during the 20-year bindcastt 
period, 1956-1975. This small percentage isj 
unlikely to have any significant effect on the 
analyses for the 20-year period. ‘ 


Isopleth analyses were omitted in areas of! 
poor data coverage, mainly along the coasts ofj 
the continents. The gray line on the North 
Atlantic map (Fig. 1) displays this boundary. 
Isopleth detail is also limited by the erid 
spacing of the 81 da*:. points. This is probably; 
most pronounced near land and ice boundaries. 


CONTINGENCY TABLES 


Contingency tabies for 63 grid points 47 
presented for the following elements: 
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(1) Wind direction and speed; 
(2) Wave height and wind speed; 


(3) Wave height and wave slope 
parametor; 


(4) Wave height and period; 
(5) Wave height and directionality; 


(6) Wave height and 
direction; 


primary wave 


(7) Prime.y wave 
direction. 


direction ana wind 


The values in these tables are _ percent 
frequencies rounded to the nearest whole 
percent. Values less than 0.5% but greater than 
0.005% are depicted by a '+'. 


The left side of each contingency table has 
a percentage scale for the bar graphs associated 
with the categories indicated along the bottom 
of the table. The height of the bar graphs was 
determined by adding the values within each 
column. Similarly, the percent frequencies in 
the column denoted by a 'T' (total) were 
obtained by summing the percent frequencies 
across each row. Rounding may cause minor 
differences between printed totals and total 
cell counts. By adding down or up the 'T' 
column or across the bar graphs at the bottom of 
the table, it is possible to obtain’ the 
cumulative percent frequency of a parameter 
below or above some specified threshold value. 


In the following four contingency 
tables: wind direction and speed, wave height 
and wind speed, wave height and wave slope, and 
wave height and directionality the mean value of 
one of the two parameters associated with 
each contingency table is displayed just above 
the upper left corner. The number of hindcasts 
that was available for all seven tables is also 
shown at the top of each table. When SOWM 
hindcest data were not retained due to 
insufficient wave energy, all parameters were 
aecumed to be zero including the wind speed and 
direction. Wind speeds were rounded to the 
nearest whole knot before tabulating the 
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| TABLE 1 
GRID POINTS INCLUDED IN TABULAR SUMMARIES 














frequency statistics. Directions are those from 
which the wind or wave is coming. Detailed 
instructions deseribing how to read each of the 
various types of contingency tables are 
contained in the 'Legends for Tables’. Some 
potential uses for the contingency tables are 
demonstrated in Appendix D. 


DURATION AND INTERVAL TABLES 


Duration and Interval Tables were prepared 
for: 


(1) Wind speed; 
(2) Significant wave height; 
(3) Wave slope parameter. 


The tables contain objective compilations 
for selected months for 63 grid points. Since 
grid points may be representative of relatively 
small geographical areas surrounding the points, 
interpolation may be necessary if data are 
required for areas between grid points. 


In order to prevent the atlas from becoming 
overly voluminous, the duration and interval 
tables are presented for only six 
months - January, February, April, July, August, 
October ~ and a summary table which includes all 
the hindcasts. These months were chosen to show 
detail in winter (January and February) and 
summer (July and August), with only one month 
for each transition season (April and 
October) (World Meteorological Organization, 
1981). Episodes of durations (continuous hours 
or days) of events and episodes of intervais 
(continuous hours or days) between events were 
tallied for various thresholds. These tables 
give an indication of how long an episode is 
likely to last once it has _ begun. For 
convenience, the time an episcde persisted above 
a given threshold is arbitrarily referred to as 
a "duration" of the event. The times in between 
episodes have been termed “intervals.” 
Additional information on the construction and 
use of the duration and interval tables, 
including examples of their applications, is 
included in Appendix E and in the ‘Legends for 
Tables.' 
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Ii}. COMPARISON OF THE SOWM 
CLIMATOLOGY WITH OTHER 
WAVE CLIMATOLOGIES 


Undoubtedly, the SOWM hindcast climatology 
as presented in this atlas, varies in its 
strengths and weaknesses from location to 
location and even from parameter to parameter. 
In the absence of a substantial quantity of 
measured wave spectra across the North Atlantic 
Ocean, a strict verification of the SOWM 
hindeast climatology is not possible. 
Nonetheless, some cogent information can be 
derived regarding the representativeness of the 
SOWM climatology via comparisons with other wind 
and wave climatologies. Appendix F contains 
some comparisons of the SOWM climatology with 
wave climatologies derived from other sources. 


These comparisons indicate that some 
disagreements exist between data sources. The 
user should be aware of these differences when 
making decisions based on the North Atlantic 
SOWM Atlas or other wave  climatologies. 
Overall, this atlas should prove to be a highly 
useful product especially when j used in 
conjunction with conventional wave 
climatologies. It provides extensive wave data 
on a basin wide scale, including details which 
cannot be inferred from the only other basin 
wide data set available, the 1974 U. S. Navy 
North Atlantic Marine Climatic Atlas. User 
feedback concerning the North Atlantic SOWM 
pilot atlas data accuracy, utility, or 
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format is solicited. Please address your 
comments to the Officer in Charge; Naval 
Neceanography Command Detachment 3 Federal 


Buiidiny, Asheville, NC 28801. 
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Grid point-subprojection. 


Direction frequency (left scale}; Bars 
are percentages for each wind 
direction. Speed frequency (right 
scale): Numbers are percentages of 
wind speed by direction. 
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wr Gory, Wave height frequency ad ae of wave height vs cane ean 
av! (right scale): Numbers are per- 80 BH yp 9 iP ae y defined 
E1 centages of directionality 70 me \ direction. T=Total. U=Undetinea. 
yl : : + Means >0.005% but <0.5%. 
Hi values vs. wave height. 60 2G \ ‘ 
24 | T=Total. + Means >0,005% % 50 wt ‘<0.5% Of the wave heights were 
6! 
naa but <0.5%. 40 2 f >64 ft. (19.5m). 
; ~=<0.5% Of the wave heights 30 ~~ 5% Of the primary wave directions 
! were 264 ft. (19.5m). 20 a were NW with wave heights >9 ft. 
10 3 Ne (2.7m) but <12 ft. (3.7m). 


~~—1% Of the directionality values 


were 2.95 but S1.00 with wave OW NE € SE S SW WNW UNT ~~~28% Of the primary wave directions 
heights =9 ft. (2.7m) but <12 ft. PRIMARY NAVE DIREESON NS were NW. 
15 30 45 60.70.7580 85.90.95 1.07 (3.7m) and 2% of the direc- Ny 
DIRECTIONALITY 7 M -ONGL£78°20 INE CUEGS ~~~.2% Of the pri directi 
tionality values were 2.90 but ~2% Ol the primary wave directions 
i <95 = were undefined with wave heights 
\ see >0 ft. (Om) but <3 ft. (0.9m), 


‘<~28% Of the directionality 
values were 2.85 but <.90. 


PRIMARY WAVE DIRECTION AND WIND DIRECTION 
Lecocoson —Number of hindcasts. 
Agee weeeoooce Sequence number. 
ni~ 99~~  999.9~«-——-Grid point-subprojection. 
80 [+]2]_ IN w Wave direction frequency (left 
70 BORD scale): Bars are percentages for 
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‘~-16% Of the winds were NW. 


VON ~\—27% Of the primary wave 
KOONG directions were NW. 


60 D each primary wave direction. 
%50 | 8 | se > Wind direction frequency (right 
40 [3]s scale): Numbers are percent- 
30 [usw — ages wind direction vs. primary 
20 [22 T wave direction. U= Undefined. 

10 INWo =C=Calm wind. T=Total. 
‘ | I2]C\N + Means >0.005% but <0.5%, 
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\ 52% Of the primary wave directions 
N were undefined with calm winds. 


‘~~9% Of the primary wave directions 
were NW with W winds. 
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WIND SPEED DURATIONS. MONTHLY 


SEQUENCE NUMBER 99 GRID POINT SUBPROJECTION NUMBER 999 9 
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/ HOURS DURATION OF EVENTS , WS 


S~1 Event with wind speeds 27 kn. persisted 12 hours, 26 events \ 1 


persisted 296 hours. \ \ 

The longest event with wind speeds =7 kn. persisted for 1 month | ‘ : 
or more and it occurred 2 times. -———— poceetententestentaaiaial 4 i 
The longest event with wind speeds 248 kn. persisted 18 hours sy 
and it occurred 1 time. — ~— — — —— — ~—-—— —- U1 
Al Events had wind speeds 24 kn. which comprised a total of 1,336 a 
hind COSig;en eae as ee a 4 


1,483 Hindcasts were examined, and 1,443 had wind speed. 24 kn. 7 


Durations for a particular month extend from the time the event 
begins (or the first of the month if already in progress), and termi- 
nate when the event ends. Events become undefined if missing 
data is encountered. Durations lasting a month or more are 
categorized together. Durations may persist into the next month(s). 


WAVE HEIGHT INTERVALS - MONTHLY 
SEQUENCE NUMBER 99 GRID POINT nT URPRONECTION NUMBER 999-9 
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= ~s 
\There were 13 12-hour intervals between events of wave heights\\ \ 





_ 


29 ft. (2.7m), 4 intervals persisted 96 hours or more. \ 1 a 
The longest interval between events of wave heights >6 ft. (8m) 4 |! 
was 132 hours and it occurred 1 time.— ~— —— —————~—— “ry | 
The longest interval between events of wave heights >64 ft. Pe ag 
(19.5m) was 1 month or more and it occurred 9 times, -~- ——-— ; ' 
There were 13 intervals between events of wave heights >=3 ft. | 
(0.9m) which comprised a total of 23 hindcasts.- ——————— cia | 
ben were examined, and 23 had wave heights <3 ft. oh 
9m), aH a eee ee ww ee ee _7 


Intervals for a particular month extend from the time the event ends 
(or the first of the month if the event is not in progress), and termi- 
nate when the event begins. Intervals become undefined if missing 
data is encountered. Intervals lasting a month or more are 
categorized together. Intervals may persist into the next month(s). 
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WIND SPEED INTERVALS - MONTHLY 


SEQUENCE NUMBER 99 GRID POINT-SUBPROJECTION NUMBER 999.9 






901 47] lala | 1435 

e414 88] 1122 | 

3241 306] 854] 854] 1768 | 

| 3 RHE [a7 oi7 | i264) 

| 234 ++i tf 108.1 Tio3] "310 310 [1235 | 
27 [ 35} 21 Pay ee ty 361 Veaf 1207 120 [1235 

24 i: We 32] 40] 40 11235) 
6/12 16 24 30 36 42 48 S£ 60 66 72 78 B4 90 96+ |MAX YT 1H 

/ HOURS INTERVAL BETWEEN EVENTS} aN 


ie el Siento 






2 

1373 
ERED RERETAME 
[1350 | 


W24 












‘There were 18 12-hour intervals between events of wind speeds * N 
217 kn.; 4 intervols persisted 96 hours or more. j 


The ingest interval between events of wind speeds 27 kn. _/ 
was 36 hours and it occurred | time. —-—-—-—— 
The longest interval between events of wind speeds 264 kn was 

1 month or more and it occurred 9 times———-— ao 


There were 32 intervals between events of wind speeds 24 kn 
which comprised a total of 40 hindcasts. ——-————-—~7 / 


1,235 Hindcasts were examined, and 40 had wind speeds <4 kn. -” 


Intervals for a particular month extend from the time the event ends 
(or the first of the month if the event is not in progress), and termi- 
nate when the event begins. Intervals become undefined if missing 
data is encountered. Intervals lasting a month or more are 
categorized together. Irtervals may persist into the next month(s). 


WAVE SLOPE a DURATIONS - MONTHLY 
SEQUENCE NUMBER § 92 GRID POINT SUBPROJECTION NUMBER 999-9 






































The longest event with a =0.02 persisted for 1 month or more and} 


it occurred 14 times 

24 Events had « 20.01 which comprised a total of 2,477 hindcasts./ / 
7 

2,659 Hindcasts were examined, and 2,641 had a 20.01.-—--—--~ 


Durations for a particular month extend from the time the event 
begins (or the first of the month if already in progress), and termi- 
nate when the event ends. Events become undefined if missing data 
is encountered. Durations lasting a month or more are categorized 
together. Durations may persist into the next month(s). 
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ABBREVIATIONS (See text for details) 
MAX: Maximum duration or interval, followed by the number of occurrences. 


TE or Tl: Total numb: 


of events or intervals. 


T- Total number of h. deasts included in TE or TI. 
T#: Total number of nindcasts that met the stated criteria. 


TH: Total number of hindcasts examined. 
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INTERVALS - MONTHLY 
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fre 18 12-hour intervals between events of wind speeds Ni 
intervals persisted 96 hours or more. : 


Bours and it occurred 1 time. 
gst-interval between events of wind speeds 264 kn. was : 


¢:more and it occurred ? times-————-—— Ooo 


Bre:32 intervals between events of wind speeds >4 ka 
Bnprised a total of 40 hindcasts. ~——— J 


Edcasts were examined, and 40 had wind speeds <4 kn. -" 


Bfor a particular month extend from the time the event ends 
‘e -of the month if the event is not in progress), and termi- 
nthe event begins. Intervals become undefined if missing 
countered. Intervals lasting a month or more are 
od: together, Intervals may persist into the next month(s). 
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Ewith a 20.02 persisted 12 hours; 30 events persisted SA 
$. 


st event with a 20.02 persisted for 1 month or more and 
id: 14 times. ---—- --— —— Paria hey © 
had « 20.01 which comprised a total or 2,477 hindcasts./ / 
dcasts were examined, and 2,641 had a 20.01.-—---~ 


&‘for a particular month extend from the time the event 
Be-the first of the month if already in progress), and termi- 
‘ihe event ends. Events become undefined if missing data 
ered. Durations lasting a month or more are categorized 
E Durations may persist into the next month(s). 


mber of occurrences. 






WAVE HEIGHT DURATIONS - MONTHLY 
SEQUENCE NUMBER 99 GRID POINT-SUBPROJECTION NUMBER 999-9 
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nt Se a ne oe ee TENN ! 
C4 Events with wave heights >6 “he (l.8m) persisted 12 hours; 22 \ : I 
events persisted >96 hours. ; \ \l 
The longest event with wave heights 23 ft. (0.9m) persisted 1 yh ‘ 
month or more and it occurred 8 times. ~ --~—-~——---— ‘VI 
The longest event with wave heights >40 ft. 2. 2m) persisted for ryt 
6 hours and it occurred 1 time. —-———- —~- —--—---—-— -/ | | 
22 Events had wave heights 23 ft. (0.9m) which comprised a total : i 
of 1,524 hindcasts.~ —— ——— ——-——--—-— ~—------/ | 
1,649 Hindcasts were examined, and 1,626 had wave heights 23 ft. ey 


(0. 9m). —-—— ~~ ee 
Durations for a particular month extend from the time the event 
begins (or the first of the month if already in progress), and termi- 
nate when the event ends. Events become undefined if missing 
data is encountered. Durations lasting a month or more are 
categorized together. Durations may persist into the next month(s). 


WAVE SLOPE « INTERVALS - MONTHLY 
SEQUENTE NUMBER 99 GRID POINT-SUBPROJECTION NUMBER 999-9 
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‘There were 18 12-hour intervals between events of wave TN ‘ | 
slopes 20.06; 2 intervals persisted 96 hours or more. N\\ V 
The longest interval between events of wave slopes 20.10 ‘ ‘ ' 
was 474 hours and it occurred I time. -—@—~—~—7— OOO 
The longest interval between events cf wave slopes =0.15 was 1 1! 
month or more and it occurred 18 times. -———- — ~~ OT # | : 

fy 


There were 6 intervals between events of wave slopes =0.01 ee 


which comprised a total of 12 hindcasts. / 
2,440 Hindcasts were examined, and 12 had wave slopes <0.01.- 


Intervals for a particular month extend from the time the event ends 
(or the first of the month if the event is not in progress), and termi- 
nate when the event begins. Intervals become undefined if missing 
data is encountered. Intervals lasting a month or more are 
Intervals may persist into the next month(s), 


categorized together. 
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WIND SPEED DURATIONS - ALL DAYS 


~° 


TION NUMBER 999-9 


SEQUENCE NUMBER 99 GRID FOINT SUBPROJE 


oO 





v7 Events with wind speeds =4 kn. persisted 0.5 day; 57 events 
persisted >] day but <2 days. 


\ 
The longest avent with wind speeds >4l kn. per..sted 1.75 days /iI 7 
and it occurred 2 times. ———-—-———— — HW 
The longest event with wind speeds 234 kn. persisted 3 days , ! | 
and it occurred 1 time. —- — ~—-—-—- —-- —-—-— ------' | 
442 Events had wind speeds >4 kn. which comprised a total of / / | 
12,384 hindcasts. me eee ew i i ee ee } 


13,606 Hindcasts were examined, and 12,640 had wind speeds 


peg 


Durations extend from the time the event begins and terminate 
when the event ends. Events become undefined if missing data is 
encountered. 


WAVE HEIGHT INTERVALS - ALL DAYS 
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\y Interval between events of wave heights 234 ft. (10.4m) persisted \\ ! 
0.5 day; 2 intervals persisted >1 day but <2 days. ui! 
The longest interval between events of wave heights 23 ft. (0.9m) Hi 
was 18.25 days and it occurred 2 times.— — — ——— 7 ! 
The longest interval between events of wave heights 240 ft. I J 
was 308,25 days and it occurred 1 time.- — / 1 
There were 401 intervals between events of wave heights” | 
23 ft. (0.9m) which comprised a total of 3,133 hindcasts.- —~ ’ 


13,606 Hindcasts were examined, and 3,208 had wave heights <3/ 
ft. ‘oO 9m). — ae — nner 


Intervals extend from the time the event ends and terminate when 
the event begins Intervals becoms undefined if missing dato is 
encountered. 
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WAVE SLOPE « DURATIONS - ALL DAYS 


ABBREVIATIONS (See text for details) 
MAX: Maximum duration or interval, followed by the number of occurrences. 
Total number of events or intervals. 
T: Total number of hindcasts included in TE or TI. 
Ta: Total number of hindeasts that met the stated criteria. 
TH: Total number of hindcasts examined: 


‘C1 Interval between events of wind speeds >48 kn. persisted 0.5, 
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‘X32 Events with a 20.01 persisted .25 day; 19 events persisted >1\\ 























LEGENDS FOR TABLES 


SEQUENCE NUMBER 99 ous POINT sure eon uh 999- oa 
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24 kn. which comprised a total of 963 hindcasts. 
13,606 Hindcests were examined, and 966 had wind speeds <4 kn.~ 


Intervals extend from the time the event ends and terminate when 
the event begins. Intervals become undefined if missing data is 
encountered. 


\ ' 
day; 4 intervals persisted >1 day but <2 days. \ ; 
The longest interval between events of wind speeds =4 kn. was A | 
6,25 days and it occurred 1 time.-— = - | il 
The longest interval between events of wind speeds 27 kn. was_7 | ! 
8.75 days and it occurred 2 times. — = | 
There were 45} intervals between events of wind speeds oar : 

| 
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SEQUENCE NUMBER 99 GRID POINT SUBPROJECTION NUMBER 999-9 





























day but <2 days. 


The longest event with a 20.12 persisted 3.25 days and it__ -~ 
occurred 1 time, —=——-—~-— — \ 
The longest event with « 20.13 persisted 1.50 days and it occur-ed| 
2 times, —--- —--— — ~ -—- ~ ~~ — — a ene 


267 Events had a 20.01 which comprised a total of 20,760" ; 
hindcasts, —— -$-—- -$ = ee Oe nn nn y 


29,016 Hindcasts were examined, and 28,054 had « >0.01.--~~ 


Durations extend from the time the event begins and terminate 


Events bscome undefined if missin dain ; 
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BAL. DAYS WAVE HEIGHT DURATIONS - ALL DAYS 


‘ SEQUENCE NUMBER 99 GRID POINT SUBPROJECTION NUMBER 999-9 
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an \_33 Events with wave heights 23 fr. (0.9m) persisted 0.5 day; 6 
Ms of wind speeds 2:48 kn. persisted 0.5, events persisted >! day but <2 days. 
Ai >I day but $2 days. The longest event with wave heights =28 ft. (8.5m) persisted 2 
days and occurred 2 times. 
The longest event with wave heights =24 ft. (7.3m) persisted 2. 
days and occurred 1 time. 


: 393 Events had wave heights =3 ft. (0.9m) which comprised a 
: ‘ieiwesn events of wind speeds total of 10,094 hindcasts 


g total of 963 hindeasts. “~~ 13,606 Hindcasts were examined, and 10,398 had wave heights , / 
kxamined, and 966 had wind speeds <4 kn. >3 ft. (0.9m). 


p time the event ends and terminate when Durations extend from the time the event begins and terminate 
als become undefined if missing data is when the event ends. Events become undefined if missing data is 
encountered. 
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\~2 Intervals between events of wave slopes 20.13 persisted 0.5 
day; | interval persisted >1 day but S2 days. 


The longest interval between events of wave slopes 20.15 
was 16,25 days and it occurred 1 time. 


a 3 which Sia a total of 961 hindcasts. 
Examined, and 28,054 had a ree 29,016 Hindcasts were examined, and 962 had wave slopes <0.01.7 


ke time the event begins and terminate Intervals extend from the time the event ends and terminate when 
rents become undefined if missing data is the event begins. Intervals become undefined if missing data is 
encountered. 
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APPENDIX A 


SOWM DEVELOPMENT 


Before 1975, FLENUMOCEANCEN rélied on 
“singular” wave models to predict wind wave, and 
swell heights as well as their corresponding 
directions and periods. The basic weakness of 
the “singular” models is that they do not 
accurately. depict the complex wave propagation 
in the larger oceans like the Atlantic and 
Pacific where several wave trains can coexist in 
one area at any given time. — 


The SOWM is a wave specification and 
forecasting procedure that will describe the 
complex frequency-direction spectrum of waves in 
deep water with a reasonable resolution on a 
grid of points over the ocean. As originally 
planned, there were to have been four times as 
many grid points and twice the angular 
resolution for the spectra. The computer 
program exists for this higher resolution model, 
but it is not operational. Running time and 
memory allocation constraints made it necessary 
to reduce the number of grid points and decrease 


the angular resolution. This coarser grid can. 


result ina misinterpretation of sub-grid scale 
features and fetch. 


Since the SOWM is a _ -general purpose 
deep-water model, it was not designed to include 
effects such as _ refraction, diffraction, 
Shoaling, and bottom friction. As a 
consequence, SOWM output should be interpreted 
with a great deal of care for shallow water 
applications. Also, there are no wave-wave or 
wave-current interaction mechanisms; the latter 
have been observed to alter the wave fields in 
regions of a strong current like the Aguhlas 
Current and the Gulf Stream. 


The grid of points were laid out on 
gnomonic subprojections of an icosahedron (a 
solid whose surface is 20 equilateral triangles) 
so as to allow great circle propagation. For 
each of the 20 triangles, a gnomonic projection 
is used. Thus, a straight line with any 


orientation on any of the 20 subprojections is a. 


great circle. Gn the sphere, the sides of the 
equilateral spherical triangle intersect at an 


angle of 72° and, thus, five triangles meet: 
common point. On a map, the sides of 
equilateral triangle meet at an angle of 60S 
each triangle is plotted as a _ gnon 
projection. 


The triangles are not oriented ina si 
way relative to the latitudes and longitudes 
the Earth. Instead, the icosahedron was loc 
s0 as to maximize the number of verticies 
land. Fig.» Al shows the 20 triangles as t 
verticies and edges appear on a Mi. 
projection. Each triangle covers -exactly 
same area, and the marked distortion of a Mi. 
projection is evident. 
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le of 72° and, thus, five triangles meet ata 
amon point. On a map, the sides of the 
idlateral triangle meet at an angle of 60°, if 
eh triangle is plotted as a  gnomonic 
ojection. 


“ The triangles are not oriented ina simple 
y relative to the latitudes and longitudes on 
ee Earth. Instead, the icosahedron was located 
p-as to maximize the number of verticies on 
md. Fig. Al shows the 20 triangles as their 
articies and edges appear oon a Miller 
Fojection!. Each triangle covers exactly the 
ame area, and the marked distortion of a Miller 
Pojection is evident. 
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Two sides of a triangle forma natural set 
of axes for each subprojection and the grid of 
points at which the SOWM spectra are computed 
are formed by the intersections of equally 
spaced lines drawn parallel to the two chosen 
sides of each subprojection as shown in Fig. A2. 
Each grid point, in principle, ought ta be 
representative of wave spectra anywhere within 
the hexagon surrounding the grid point. 


l A Miller projection is a cylindrical 
projection similar to a Mercator projection with 
less exaggerated spacing of the parallels at 
high latitudes. 
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osahedral gnomonic projection-ofthe SOWM. 
All triangles are the same size on.the Earth, but the Miller projection distorts them. 
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FIG. A2 The 325 grid points on a triangular gnomonic 
subprojection for the SOWM. Anystraight line 
is a great circle, The-hexagon around the circled 
dot shows the area represented by-a grid point. 
The inner hexagon of heavy dots and the outer 
hexagon-of X's show those grid points required 
to treat-wave propagation effects at the circled 
point. (After Pierson, 1982) 


The great circle property is indicated by 
the fact that waves can travel to a given grid 
point along a great circle path from any one of 
the six surrounding grid points, thus accounting 
for six of the 12 direction bands in the model. 
The other six direction bands have directions of 
travel halfway between those for each of the 
primary directions. These spectral components 
are effectively. treated as if they come from a 
source on the inner hexagon surrounding each 
grid point at a point halfway between two grid 
points. The distance involved is thus only 
about 85% of the primary distance as. shown in 
Fig. A3. 


Land boundaries and a prescribed ice limit 
act as sinks for spectral components. Grid 
points just south of the equator are treated as 
an. artificial land boundary to provide 
appropriate sinks for southward moving spectral 
components and artificially fetch limited waves 





oe AN se 


for southerly winds at the equator. No. swe] 
from the Southern Hemisphere exists in th 
model, although they could be appreciable jua 
north of the equator during che Souther 
Hemisphere winter. Also, there is no specifi 
provision for tropical cyclones in the model. © 


Once the grid, the spectral resolution, an 
the time step are prescribed, the model ca 
compute what the spectrum will be at each grii 
point x hours later, given an initial wav 
spectrum and the winds at all grid pointe at th 
time, t = to. 


In the SOWM, this is accomplished bj 
computing: (1) how much the wind-generated sea 
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SIX PRIMARY DIRECTIONS 
FAG. A3 Grid points involved in propagation. The large dots 
point a.downward propagating spectral component. 
downstream point are shown. For secondary directi 
at the open circles — for one time step. The shift is, 
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d, the spectral resolution, and 
e prescribed, the model can 


tér, given an initial wave 


f Winds at all grid points at the 


WM, this is accomplished by 
‘how much the wind~generated sea 
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‘spectrum will be at each grid. 


will increase or grow (if at all) during the 
next time step at each grid point; (2) how much 
the waves traveling against the wind (+ 90°) 
will be dissipated; (3) how far each spectral 
component will propagate at a representative 
group velocity along a great circle path in 
x hours; and, then reassemblin, the spectra for 
the end of the time step. 


For brevity, these steps are called Grow, 
Dissipate, and Propagate. For the SOWM 
hindcasts at the end of a six-hour time step, 
within the resolution of the model, the new 
spectra at the grid points represented the 
waves at t = t + 6 hours; new winds were then 
used, and the processes of Grow, Dissipate, and 
Propagate were repeated. 
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downward: ‘propagating Leer component requiring an upstream: point, an upper safer pointanda 
tream.point-are shown. For secondary-directions, the points on the inner hexagon are treated as if located 
Bpen circles.— for one time-step. The shift is reversed: for the next-time step. (After Pierson, 1982) 
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APPENDIX B 
THE FIB TECHNIQUE 


The FIB technique analyzes the distribution 
of the 
gradients, which come from 
different sources and locations. The program 
-uses reports from various 
and it accepts 
rregional or whole field estimates of the 


parameter and its derivatives (gradient, 
Flaplacitan, etc.). It checks all input data, 
rejects gross errors, and assembles the data. 


sFrom this, it blends or analyzes to produce the 


moptimum analysis which best fits all the 


Binformation at hand. The technique also 
Iproduces grid-point reliabilities of the final 
product. All input data are reevaluated 


individually by comparison with the blended 


Fanalysis, which includes the interacting effects 
gof all information that went into the analysis. 


Reliability or weight is a measuze of the 
Bworth of a piece of information. In every step 
lof the FIB process, information exercises only 
that degree of influence specified by its 
reliability value at that ‘particular stage of 
the analysis. The ability to compute 


information reliability is the key to the power 
pf the FIB technique. 


Fs. 


observation stations. 
Awith estimates of reliability, 


‘systematic bias 


In the reanalysis of the 6-hourly pressure 


fields, missing fields were resolved by 
combining forward and backward kinematic 
extrapolation. In order to carry information 


along a time axis by kinematic extrapolation, a 
steering field was required. The 500 mb height 
field was used for this purpose. From the 
pressure fields, the wind fields 
direction) were computed using the algorithm 
originally developed by MII for FLENUMOCEANCEN 
for use in their singular sea/swell model. This 
wind algorithm was designed to be of maximum 
significance when used for wave generation. 


A statistical analysis 
speeds versus ship-observed wind speeds was 
conducted. Previous investigations had 
determined that the wind algorithm produced no 
in wind direction. From a 
sample of 2.3 million wind observations from 
ships available from 1964-65, it was concluded 
that the computed wind speeds on the average 


of computed wind 


were 1.8% low when compared to the ship-observed 
wind speeds. 


This difference was considered 
insignificant. However, it should be noted that 
the North Atlantic was treated as a whole, 
thereby possibly smoothing large deviations in 
relatively small areas or large deviations of 
opposite sign. Appendix F provides additional 
information regarding possible biases in wind 


‘speeds. 


(speed and 














APPENDIX C 
PARAMETER DERIVATIONS 


The output from a SOWM hindcast includes a 
directional variance spectrum at each grid point 
as represented by 12 equally divided direction 
bands and 15 frequency bands of varying widths 
as depicted in Tables Cl and C2. The direction 
bands are unique for each grid -point, but the 
frequency bands remain constant for all grid 
points (Table C2).. The lowest possible 
frequency in a SOWM spectrum is 0.0390 Hz which 
corresponds to a period of 25.6 seconds. 


Conversely, the highest frequency is 0.308 Hz. | 
which corresponds to a period of 3.24 seconds. | 
The SOWM generates ‘energy variances’ in each. | 
cell within the 180 element matrix from input — 


wind fields. There is a certain amount of”: 
confusion inherent in the terminology ‘energy , 
variances’ since the values within each cell are 
not energies. It is necessary to digress 
somewhat to appreciate the roots of this 
terminology. : 


In a steady Sea State the record of the 
waves (a continuous time series of the rise and 
fall of the sea surfuce at a point) dees not 


TABLE C1 
AN EXAMPLE OF A DIRECTIONAL VARIANCE SPECTRUM 


Wind Direction = 160° Wind Speed = 


21.5 kn 


Central Frequency (hz) 


Direction | .308 208 | .158 6133 | .117 
(deg) 


96.6 
66.6 
36.6. 

6.6 
336.6 
306.6 
276.6 
246.6- 
216.6 
186.6 
seis la 
126.6. | .0 


Frequency 
Spectrum} .23 | .75-11.10 411 .38— 03 5.44 Total 


8.57 s., @ = 0.085, PWD = 212°, p, = 0.77 


Derived parameters: A. 


= 93 ft. = 
57 98 ft, Ty 


.103 | .092 | .081 





.062 | .056 | .050 | .044 | .039 # Directional 


072 | .087 
| __ Total 


—_ = 
[o>] a > co fe] 
a = 


(ft2) 
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Bady Sea State the record of the 
tinuous time series of the rise and 
ea surface at a point) does not 


ISPECTRUM 
AS kn 


Directional 


62 | .056 | .050 | .044 | .039 | 
1 ; ‘Total 





joo} || [sae to 
= (ft2) 


repeat itself exactly from one wave to the next 
because the waves are a superposition of 


sinusoids with many different frequencies and 


directions of travel. Every wave record of 


finite length as a function of time, however, 
can be decomposed into harmonics. The zeroth 


harmonic is the mean elevation of the sea and is 


assumed to be zero for the analysis since the 
contributions from much. longer periods such as 
the tides are constants during the time of 
observation. The first harmonic, is a least 
squares fit of a sinusoid with a period equal to 
the wave record with its, peak positioned such 
that its amplitude is. maximized. The first 


TABLE C2 
BAND NUMBER, BAND WIDTH, CENTRAL FREQUENCY 


(AS A FRACTION AND A DECIMAL), PERIOD, AND 
BANDWIDTH BOUNDS:(After Pierson, 1982) 


Lower | Upper 
nade Central Central 
i cs 


55.5/180 | 0.30833 
37.5/180| 0.20833 
28.5/180 | 0.15833 
24.0/180 | 0.13333 
21.0/180 | 0.11665 
18.5/180 | 0.10277 
16.5/180 | 0.09166 
14.5/180 | 0.08055 
13.0/180 | 0.07222 
12.0/180 | 0.0666 
11.0/180 
10.0/180 
9.0/180 
8.0/180 
7.0/180 | 
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harmonic has ove maximum and minimum for the 
entire wave record. The second harmonic has a 
period of one~half the wave record with its two 
peaks positioned such that it too has maximum 
amplitude. Each subsequent harmonic can be 
thought of as a least squares fit of a sinusoid 
with the number of peaks and valleys (or the 
period) increasing (decreasing) corresponding to 
the harmonic number. By adding each new 
harmonic to the preceding harmonics, the 
harmonics or the ‘Fourier Series' begin to 
resemble the wave record. If the number of 
observations on the wave record is N, then N/2 
harmonics will completely describe the wave 
record. 


The average energy in the wave motion per 
unit area is described by; 


E = 4 og a” (C1) 


where p is the density of the ocean water, g is 
the acceleration of gravity, and ais the wave 
amplitude. Half of the energy is kinetic, and 
the other half is potential. 


Recalling that each wave record can be 
decomposed into a number of harmonics, then if 
the amplitude of each harmonic is squared, 
miltiplied by (pg), and plotted on a graph as 
the ordinate using the associated frequency or 
period of the harmonic as the abscissa, the 
resulting graph is a ‘wave -energy spectrum.' 
Initially it was customary to present the 
spectrum in this manner (World Meteorological 
Organization, 1976), but since the magnitude of 
oe right-hand side of Eq. Cl is dominated by 
(a2) the wltiplication of (pg) 18 now omitted. 
This. is the format of the data generated in the 
SOWM- hindcasts. ach cell in Table Cl can be 
summed to yield the quantity (1/2a2). The 
omission of (pg) transforms the ‘wave energy 
spectrum’ into an ‘energy variance spectrum' or 
more appropriately ‘variance spectrum,’ since 
the sum of each cell in Table Cl will equal the 
variance of the spectrum of the wave record it 
is representing. Likewise, the area under a 
variance spectrum curve as derived from the 
frequency spectrum totals in Table Cl will equal 
the variance of the spectrum represented. 





WAVE HEIGHT 


In Table Cl each quantity within the ce 
of the table has units of ft2, and cells with 
any values contain component variances less t 
0.01 ft2. Such small values were conside 
insignificant, and were not retained in 
output generated from the SOWM hindcast. : 
total variance of each spectrum can be -conver 
to a spectral wave height parameter (Hy) wh: 
closely SL to the significant w. 
height (Hy 3) The significant wave height o1 
wave resort ts is defined as the average height | 
the highest one-thixd of the we'« ‘eights. 4 
quantity (Hy/3) has been s.‘owr. to  rougl 
approximate the characteristic wave hed 
observed visually (Cartwright, 19 
Nordenstrom, 1969). The spectral wave heig 
parameter (Hn, ) from Rayleigh statistics 
defined as: 


I 
Amy = 4 (m,) (c 


where my is the sum of the -component varianc 
of all cells of Table Cl. The quantity (m)) 
commonly referred to as the moment of ord 
zero. The correspondence between and 4H; 
is strictly valid for a spectrum with most 
its energy or variance concentrated over 
narrow range of frequencies, but t 
approximation in the cases with a broad 
spectrum is sufficiently close for mo 
practical applications (World Meteorologic 
Organization, 1976). 


WAVE PERIOD 


The choice of the modal or peak wave peri 
(Tp) is based upon the ‘variance densities’ 
the point spectrum. ‘Variance densities’ wi 
dimension of ft2-sec are obtained by dividt: 
the variances by the frequency bandwidth. 
the SOWM the bandwidths vary in size fr 
0.00560 to 0.1333 Hz. After dividing by tl 
bandwidth, the energies are standardized wi 
respect to one another. Tp can then be obtain 
by. choosing the central frequency, ( 
corresponding period, associated with the pei 
variance density. In Table Cl, Tp is associaty 
with the central frequency of 0.117 Hz, whit 
equates to a period of 8.5 seconds. The proble 
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WAVE HEIGHT 


-In Table Cl each quantity within the cells 
he table has units of ft2, and cells without 
svalues contain component variances less than 
f.£t2. Such small values were considered 
fgnificant, and were not retained in the 
fut generated from the SOWM hindcast. The 
fl variance of each spectrum can be converted 
. spectral wave height parameter (Hy) which 
@ly corresponds to the significant wave 
ht (H,),)+ The significant wave height on a 
; record is. defined as the average height of 
shighest one-third of the wave heights. The 




























tity (Hy /3) has be2n shown to roughly 
foximate the characteristic wave height 
irved visually (Cartwright, 1964; 


lenstrom, 1969). The spectral wave height 
ameter (Hn) from R.'leigh statistics is 
ined as: 


(C2) 


Fe m, is the sum of the component variances 
bll cells of Table Cl. The quantity (m)) is 
only referred to as the moment of order 
pi: The correspondence between Hy, and H41/3 
strictly valid for a spectrum with most of 
F energy or variance concentrated over a 
row range vf frequencies, but the 
Foximation in the cases with a broader 
trum is sufficiently close for most 
tical applications (World Meteorological 
snization, 1976). 


WAVE PERIOD 


F The choice of the modal or peak wave period 
‘) is based upon the ‘variance densities’ of 
Fpoint spectrum. ‘Variance densities’ with 
Mension of ft2-sec are obtained by dividing 
yvariances by the frequency bandwidth. In 
F SOWM the bandwidths vary in size from 
D560 to 0.1333 Hz. After dividing by the 
dwidth, the energies are standardized with 
pect to one another. Tp can then be: obtained 
— choosing the central frequency, or 
gresponding period, associated with the peak 
Hance density. In Table Cl, T, is associated 
wh the central frequency of 0 £17 Hz, which 
The problen 


fates to a period of 8.5 seconds. 











associated with an ill-defined modal period of a 
specific spectrum, as occurs when there is only 
a small difference between the variance 
densities of two or more frequency bands, is 
minimized due te the large number of spectra 
included in the ‘summaries presented in this 
atlas. 


WAVE SLOPE 


The slope associated with very high waves 
is considered by many ship designers to be a 
najor contribution to operational failures. The 
wave slope is often estimated using the ratio of 
the wave height (H) to the wave iength (L). 
However, the relationship usually used to obtain 
the wave length: 

L = 5.121" (c3) 
where T is the wave period in seconds and L is 
the wave length in feet is valid only when the 
wave is a simple periodic sine wave. Pierson 
(1955) clearly states that Eq. C3 does not hold 
for the irregular sea surface. The -assumptions 
under which Eq. €3 was derived are violated 
outside of the wave tank. An alternative method 
of estimating the-wave slope is needed. Since 
tthe SOWM provides.a frequency spectrum of wave 
energy this information is used directly in this 
atlas to calculate a wave slope parameter (a). 


The wave slope parameter, q , is defined by: 
4 
a = {m,)*/g (C4) 


where m, is the moment of order four (the fourth 


moment). The moments are defined by: 
K 
= m5 
My abr Vay so2) 
where wis the circular frequency, n is the 


order of the moment, Vy is a component variance, 
and « is the number of frequency bands. The 
-parameter a is the root mean square of the 
absolute slope at any fixed point. Cummins and 
Bales (1980) derived the wave slope 
parameter a. It should be noted that a is more 
Strongly influenced by the shorter, higher 
frequency components of the spectrum than by the 
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larger, longer, but not so steep waves near the 


modal frequency. Thus, a "rough sea" as 
measured by a, does not necessarily imply a 
“high sea.” Information regarding the 


significance of its range of values can be 
calculated from the derivation of the root mean 
square wave slope of a regular wave. The 
resulting equation is (Gentile, 1982): 


Sa (06) 
Ww 


where Hyis the wave height (crest to trough) and 
Lw is the wave length. Information in Table C3 
is based upon Eq. C6. 


TABLE C3 


APPROXIMATE VALUES OF WAVE LENGTH 
TO WAVE HEIGHT FOR ASSOCIATED VALUES 
OF THE-WAVE SLOPE PARAMETER (a) 





































































: Ratio Wave -Angle of 
Wave Slope Length (L) to Wave Slope 
Parameter-( a) Wave Height (H) Tan=1 (H/L) 
0.01 222.0 0.3° 
q 0.02 111.0 0.5° 
| 0.03. 74.0 0.8° 
9 0.04 55.5 1.0° 
3 | 0.05 44.4 1.3° 
4 0.06 37.0 1.59 
| 0.08 27.8 21° 
0.10 22.2. 2.69 
0.14 20.2 2,8° 
0.12 18.5 3.1° 
0.13 17:1 3.3° 
0.14: 15.9° 3,6° 










0:15 14.8 3.9° 





PRIMARY WAVE DIRECTION AND 
DIRECTIONALITY 


The primary wave direction (PWD) and 
directionality (p,) are two parameters which 
derived from the directional spectrum totals © 
opposed to the frequency spectrum totals. : 
definition of the PWD is taken directly from 
FLENUMOCEANCEN's 1981 version of th 
operational SOWM computer program (Lazano 
1981). The PWD is determined by a multi-s: 
process. First, the maximum variance (Vp) 
the directional totals is identified, where m 
one of the twelve directional bands. Next, 
following true-false tests are performed 


sequence. 


12 
E 
v7 2 (2, Vl i em « 
12 
Nota Ve lei gl ee ‘ 
12 
Ven,mtlmel 7 21,2, Vli#n CC 


where i is one of the 12 directional bands, : 
Vmt1 is the higher of the two adjace 
directional variances. 


If Eq. C7 is true, then the PWD is 1 
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direction associated with V,. IfC7 is false, 
Eq. C8 is tested; and thusly for Eq. C9. For 
the first successful test of Eq. C8 or C9, the 
vectors defined by the directions and variances 
of the quantities on: the left-hand side of the 
inequalities are summed and the resultant 
direction defined as the PWD. If Eq.» C9 is 
false, then the PWD is not defined, and a 
confused sea state is assumed. The methodology 
used for defining the PWD is somewhat arbitrary, 
but the technique has proved quite useful 
operationally (Lazanoff, 1981). 


The degree of directionality is defined by: 
2 2.35 


& : 2 
Po (o, + ey ) (C10) 
where 
12 
f= (1/m,) ay Vy sin 0, (C11) 
- 
ey = (1/m,) 41 vy cos 0, (C12). 


The angle © is the direction associated with the 
variances in the directional spectrum totals. 
The directionality has a value of one for -an 
unidirectional sea state, and a value of zero 
when there is a completely symmetric 
distribution of variance around the compass. 
This parameter has the same properties as the 
‘constancy' parameter, often used. in 
climatological wind. summaries. 
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APPENDIX D 


SOME APPLICATIONS OF 
CONTINGENCY TABLES 


Question: What 


Sample Application: 


Answer: 


is the Climatological 
probability of having wave 
heights less than 20 ft at 62°N, 
4°W in November? 


A-war at sea exercise 
is planned for 10 through 19 
November at 62°N, 4°W. In order 
to complete all phases of the 
exercise within the 10 day period 


available, at least 7 days (not 
necessarily consecutive) with 
significant wave heights less 
than 20 feet are needed. Based 
on climatology, will 10 days 
probably be enough time to 
complete all phases of the 
exercise? 

Proceed to the November wave 


height and wind speed contingency 
table for the grid point nearest 
to 62°N and 4°W. From Table 1 or 
Fig. 1 (North Atlantic map) we 
find that this is the contingency 
table for sequence number 5. 
(For illustrative purposes’ the 
contingency table from the 
“Legends for Tables” is used in 
the following solution.) The 
climatological probability of 
having wave heights <20 ft can be 
found by adding the _ percent 
frequency of occurrences in the 
"T" or total column for wave 
heights <20 ft. The result is 
24+34+9+144+20+17 = 65%. This means 
that on the average 654 of the 
time waves less than 20 ft will 
be encountered during November. 
Since 10 days have been allowed 
for the exercise on average 10 X 


65 = 6.5 days will have 
significant wave heights less 
than 20 ft. Thus based on 
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Question: 


Answer: 


Question: 
















































climatology, 10 days 
probably not be enough ti 
complete the exercise. He 
if the exercise period cou 
extended to ll days, on ‘a 


7.2 days (-65 X 11) would 


less than 20 ft waves an 
exercise could probably 
completed. 


How can the tables be utili 
predict the efficiency | 
vessel, system, or operatio 
a given area and time o: 
year? 


Operational enhancement 
environmental tuning ma} 
realized through the fol] 
procedure: 

(a) Identify the de 
acceptable joint frequency 
occurrence for the parametez 
interest, ie-e., wave height 
wind direction, wave height 
wave slope, etc. 

(b) Extract the joint pe 
frequency of occurrence for 
parameter(s) of interest fro 
appropriate contingency tabl 
the desired time interval (m 
season, or annual), for 
area(s) of interest. 

(c) Derive probabilities 
efficiency by determining 


percent of the time that 
identified environm 
conditions fall within 


desired operable limits. 


How can the tables be usec 
assess how the environment 
have been a contributing f¢ 
in the failure or damage ¢ 
system, operation, or equipn 
(Note: This does not pertain 
failures due to a _— spec 
episode, but rather to fail 


which result from  cumula 
stresses over aie signifi 
portion of the sh 


"lifespan"). 








& Answer: 





climatology, 10 days will 
probably not be enough time to 
complete the exercise. However, 
if the exercise period could be 
extended to 11 days, on ‘average 
7.2 days (.65 X 11) would have 
less than 20 ft waves and the 
exercise could probably be 
completed. 


How can the tables be utilized to 
predict the efficiency of a 
vessel, system, or operation, for 
a given area and time of the 
year? 


Operational enhancement by 
environmental tuning may be 
realized through the following 
procedure: 

(a) Identify the dasired 
acceptable joint frequency of 
occurrence for the parameters of 
interest, i.e., wave height and 
wind direction, wave height and 
wave slope, etc. 

(b) Extract the joint percent 
frequency of occurrence for the 
parameter(s) of interest from the 


appropriate contingency table for 


the desired time interval (month, 
season, or annual), for the 
area(s.) of interest.. 

(c) Derive probabilities of 
efficiency by determining the 
percent of the time that the 
identified environmental 
conditions fall within the 
desired. operable limits. 


How can the tables -be used to 
assess how the environment may 
have been a contributing factor 
in the failure or damage of a 
system, operation, or equipment? 
(Notes. This does not pertain to 
failures due to a_ specific 
episode, but rather to failures 
which result from cumulative 
stresses over a significant 
portion of the ship's 
"lifespan"). 


4. 


Answer: 


Question: 


Answer: 


Inputs to assess environmental 
impact on a system of operation 
may be gathered by: 

(a) Identify the area(s), 
(month) of failure or damage. 
(b) Identify the wind and wave 
conditions which if exceeded 
would probably cause damage or 
failure. 

(c) Derive the 
occurrence of 
exceeding those conditions 
identified in Step 2, for the 
corresponding area(s) and time 
(Silver and Bales, 1983). 


time 


percent of 
conditions, 


How can these tables assist in 
ship design? 


For example, U. S. Navy ship 
designers follow four steps when 
applying the information 
contained in atlas to 
design. 

(a) Define the mission of the 
vessel, and -determine the 
significant wave heights in which 
the mission must be performed at 
required levels of efficiency. 
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*EXAMPLE* 


Mission Maximum Allowable 


Ship Motion 


Significant 
Wave Height 








Operation of Aircraft 5° roll €13 ft (4m) 

Continuous Total Mission 10° roil 13-20 ft (4~6m) 

Limited Operation 15° roll 20-30 ft (6-9m) 

Survivability N/A >46 ft (14m) 

(b) Identify the area(s) of 5. Question: How can these tables be utilized 


operation. 

(c) Extract wave height percent 
of occurrences from the Wave 
Height and Modal Wave Period 
Contingency Table for the 
appropriate area(s). This can be 
done monthly and annually. 

(d) To calculate ship responses 
derive the percentage of 
successful, limited, and 
unsuccessful mission operation by 
using the percent frequencies of 
occurrence of the significant 
wave height operating envelopes 
with the joint frequencies of 
occurrence of significant wave 


height and modal wave period 
(Bales, 1983; Comstock, Bales,. 
and Gentile, 1982). If the 


percentages of success. derived in 
Step (d) are unsatisfactory for 
operating specifications the 
designer must fine tune’ the 
vessel's) hull configuration to 


meet the operating envelope. 


Answer: 


in planning a ship trial? 


Ship trial planning can _ be 
enhanced through the use of this 
atlas by following a -procedure 
similar to that used by the ship 
designer to identify areas of the 
ocean likely to provoke’ the 
desired ship motions at a given 
time of the year. 

(a) The first step is to define 
the seaway (upper and lower wave 
height limits) best suited for 
specific tasks of the ship trial. 
(b) Identify the general 
geographic area of the trial. 

(c) Identify the times (months) 
which have acceptable probability 
(e.g., 50%, 752, 80%, etc.) of 
occurrence of the desired wave 
heights. Probabilities of 
occurrence can be derived by 
extracting the wave height from 
the wave height contingency 
tables. 





represent the wind or wave 





APPENDIX E 


DURATION AND INTERVAL 
TABLES 


In the -monthly tables, durations and 
intervals that are underway at the beginning of 
a month are treated as if they began on the 
first day of the month. The other alternative, 
going backwards in time into the previous month 
to search for the actual beginning time, was 
considered less. appropriate for planning 
purposes. When a mobile platform (ship) arrives 
at a location at some arbitrary time, the 


duration of the current episode previous to the. 


ship's arrival is not usually important. The 
ship is affected only by the number of hours the 
episode is likely to continue for the time the 
ship remains in. that vicinity. It is not 
particularly important that the beginning of a 
month was used for the start-up of duration or 
interval frequencies, whereas, actual operations 
may be scheduled to begin at times. other than 
the beginning of the month; episodes are likely 
to occur in a near-random manner through the 
course of specific months. In terminating 
durations and intervals, episodes that carried 
beyond the end of the month were counted until 
they actually ended or they continued for more 
than one month (the: number of days corresponding 
to the number of days in the month in which 
episode began), whichever occurred first. This 
prevents episodes. from becoming artificially 
short simply due to the ending of the month. 
For example, if a plan calls for a ship to be at 
a specific location near the end of the month 
and remain in that vicinity for several days 
into the next month, the planner only -needs_ to 
check the table for the month in which he plans 
to arrive and not a subsequent table for some 
later month. 


In the summary tables covering all months 
of data, durations and intervals that are 
underway at the beginning and end of the period 
of record are not counted. These summary tables 
environment at a 
fixed position over the 20-year hindcast period. 
By assuming a stable climate and _ using 
appropriate statistical procedures, these tables 





can be used to estimate conditions which would 


affect a fixed platform for the expected 
lifetime of the platform at a fixed position. 


Missing data were not replaced 
estimated values. When missing data 
encountered, the ongoing and. subsequent episodes 
were excluded fzom the duration and interval 
frequencies. This tends to reduce the number of 
very long-duration events common to the summary 
tables covering all months. It has little 
effect on the statistics for shorter duration 
phenomena more typical of the monthly summaries. 


Definitions of column trailers in the duration - 


and interval tables (see ‘Legends for Tables") 
are as follows: 


MAX : The maxinum 
interval) in--hours, 
the number of times an episode of 
that length occurred. ‘The 
abbreviation "MO" in the monthly 
tables represents episodes that 
lasted one month or longer. 


duration (or 


TE: The number of events satisfying 
the stated criteria. An event 
begins with the wind speed, wave 
height or slope increasing to the 
given threshold. 


TI: The number of intervals. These 
are episodes. not satisfying the 
stated criteria. An interval 
begins with the wind speed, wave 
height or slope falling below the 
given threshold. 


T: The total number of hindcasts 
that were included in (TE) or 
(TI). 

T*; The total number of hindcasts 


that met the stated criteria. 


This is more than T if missing 


data made the duration or 


interval impossible to determine. 
It can be used to determine the 
probability of encountering the 
specified (by 


conditions 





with - 
were 


followed by — 
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® Missing data were not 
fimated values. 
Fountered, the ongoing and subsequent episodes 
e excluded from the duration and interval 
This tends to reduce the number of 
Ky long-duration events common to the summary 
les covering all months. 
Mect on the statistics for shorter duration 
momena more typical of the monthly summaries. 


Bquencies. 








‘be used to estimate conditions which would 
rect a fixed platform for the 
Fetime of the platform at a fixed position. 


expected 


replaced with 
When missing data were 


It has little 


Minitions of column trailers in the duration 
d interval tables (see ‘Legends for Tables') 
e as follows: 


The naxinum duration (or 
interval) in hours, followed by 
the number of times an episode of 
that length occurred. The 
abbreviation "MO" in-the monthly 
tables represents episodes that 
lasted one month or longer. 


The number of events satisfying 
the stated criteria. An event 
begins with the wind speed, wave 
height or slope increasing to the 
given threshold. 


The number of intervals. These 
are episodes not satisfying the 
Stated criteria. An interval 
begins with the wind speed, wave 
height or slope falling below the 
given threshold. 


The total number of hindcasts 
that were included in (TE) or 
(TI). 


The total number of hindcasts 
that met the stated criteria. 
This is more than T if missing 
data made the duration or 
interval impossible to detertine. 
It can be used to determine the 
probability of encountering the 
conditions specified (by 


computing T*/TH). 


TH: The total number of hindcasts 
examined. 


If the number of the ‘duration of events! 
or ‘intervals between events' exceeds 999, the 
symbol 'K' is used to denote thousands, and the 
'>' symbol is used to denote greater than or 
equal to. For example, >1K implies greater than 
or equal to 1,000 durations or intervals. In 
order to correctly interpret the tabulations, 
Specific examples of the -various types of 
duration and interval tables are provided in the 
"Legends for Tables.' 


When answering questions using the duration 
and interval tables, it is important to 
distinguish between questions that require the 
use of the number of episodes and those that 
require the number of hindcasts. Answers for 
questions regarding the percentage of time at or 
above, or below, certain thresholds require the 
use of the number of hindcasts. On the other 
hand, questions concerned with the percentage of 


episodes at or above, or below, certain 
thresholds demand the use of episode 


frequencies, where a one-day episode and a. 


60-day episode will each count as one episode. 


The following examples are provided to 
illustrate applications of the tables. The 
numbers. in the examples are extracted from the 
sample tables in the legends. Regardless of the 
type of parameter used (wind speed, wave height 
or slope), the procedures are not altered. 


APPLICATIONS OF DURATION 
AND INTERVAL TABLES 


1. Question: -Of all the events with winds of 
34 knots or more during a 
particular month, what percentage 
had durations of longer thau one 
day? 


Sample Application: Winds have just 
increased to gale force (34 knots 
or more) at a ship's location. 
What is the climatological 
‘probability that the gale force 
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Answer: 


2. Question: 


Sample 


“Answer: 


winds will persist longer than one 
day? 


The number of events (or 
episodes) >34 knots is 39 (from 
the TE column of the duration 
table in the ‘Legends’ for 
Tables"). The number of events 
of winds >34 knots lasting more 
than one dayisl+3+1+ 1 
6. The percentage of events with 
winds >34 knots lasting one day 
more is thus 6 + 
15.4%. 


What percentage of the time 
during a particular month can 
waves greater than or equal to 20 
ft be expected to persist longer 
than 24 hours? 

Carrier 


Application: flight 


operations have been scheduled. 


for a specified operating area 
during a particular month. 
Flight operations need to 
commence within 24 hours of 
arrival within the operating 
area. They cannot be conducted 
if the significant wave height is 
20 ft or more. What is the 
climatological probability ~that 
the carrier will be unable to 
conduct flight operations in the 
operating area for more than 24 
hours due to high seas? 


This. problem involves 
computations using hindcasts from 
the monthly duration table rather 
than episodes from the duration 
table since we are answering a 
question regarding the percentage 
of time. The solution can be 
found by computing the joint 
percentage as follows: (percent 
of waves >20 ft times percent of 
220 foot waves that persist 
longer than 24 hours). Note that 
the percent of 20 foot waves 


that lasted <24 hours plus the 


39 X 100% = 


3... 


Hindcasts 
Per Event 


Duration 


6 hours 
12 hours 
18 hours 
24 hours 


Question: 





percent of >20 foot waves that 
lasted >24 hours is 100% so we 
can compute whichever is easier 
and subtract from 100% if 
necessary. Percentages are used 
because of the difference between 
T and T* caused by missing deta. — 
Step 1. Compute the percent of © 
>20 foot waves that lasted >24 
hours. In this example it will . 
be easier to find the percent for 


<24 hours then subtract from 1002 = 


to obtain the percent we require. 
This requires the calculation of 
the total number of hindcasts 
meeting this criterion. 


This procedure is as follows: 


Hindcasts 
220 ft Lasting 
$24 Hours 


Frequency 
(From Table) 


7 

4 
24. 
28 
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TOTAL: 63 


This, the percent of 220 foot 
waves that lasted <24 hours is 
(63 + 175) X 100% = 36.0%. The 
percent of >20 foot waves lasted 
>24 hours “is 100% - 36.0% = 
64.0%. ‘ 

Step 2. The percent of waves >20 
feet is (T*/TH) X 100% or (181: 
The answer is 64.0% X 14.6% = 
9.4% 


NOTE: If the answer was required. 
for a month not included in the 
SOWM. duration or interval tables, 
-an approximate procedure would be 
to calculate the answer for the 
nearest two months, and then: 
interpolate to the month desired. 
Considering .all the 
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between -events with significant 


! 













































of >20 foot waves that 
>24 hours is 100% so we 
pute whichever is easier 
wbtract from 100% if 
ry. Percentages are used. 
Fof the difference between 
k caused by missing data. 
Compute the percent of 
t waves that lasted >24 
FIn this example it will 
er to find the percent for 
sg then subtract from 100% 
in the percent we require. 
nuires the calculation of 
tal number of hindcasts 
this criterion. 


locedure is as follows: 


. Hindcasts 
f Frequency 220 ft Lasting 
. (From Table) <24 Hours 
b = 7 
2 = 4 
8 = 24 
7 = 28 
TOTAL: 63 


me percent of >20 foot 
pat lasted <24 hours is 
75) X 100% = 36.0%. The 
Fof >20 foot waves lasted 
mrs is 100% - 36.0% = 


f The percent of waves >20 
e(T*/TH) X 100% or (181+ 
® 100% = 14.6%. Step 3. 
meris 64.04 X 14.64 = 


ration or interval tables, 


Rilate the answer for the 
*s two months, and then 
late to the month desired. 


ring all the intervals 
F events with significant 


KIf the answer was required 
onth not included in the 


foximate procedure would be 





4. 





Sample Application: 


Answer: 


Question: 


Sample Application: 





wave heights greater than or 
equal to 9 feet during a specific 
month, what percentage persisted 
more than 24 hours? 


A tug has just arrived 
at the location of a salvage 
operation. Seas are less than 9 
ft. In order to successfully 
conduct the salvage operation, 
the significant wave height must 
remain less than 9 ft for at 
least 24 hours. What is. the 
climatological probability that 
the operation can successfully be 
conducted? 


This problem involves the use of 
the monthly interval tables, 
eince we want intervals between 
wave height >9 ft. The number of 
intervals between events of waves 
29 ft is 72 (from the TI colum 
of the interval table). The 
Number of intervals between. 
events. (episodes) of wave height 
>9 ft lasting 24 hours or less is 
12+13+ 5 + 8 = 38. The 
percentage of intervals between 
waves >9 ft lasting 24 hours or 
less is thus (38 + 72) X 100% = 
52.8%. In other words, 52.8% of 
all the episodes with waves <9 
ft persisted 24 hours or less, 
and the percentage of <9 ft wave 
episodes lasting longer than 24 
hours is 100% - 52.8% = 47.2%. 
Thus, the climatological 
probability that the operation 
can successfully be conducted is 
47.2%. 


What percentage of the time can 
significant wave heights less 
than 12 ft be expected to 
persist longer than two days? 


A particular location 
is being considered as an ASW 
exercise area. Significant wave 
heigits less than 12 ft are 
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required for the exercises, which 
normally last at least two days. 
On an annual basis, what 
percentage of the time could 
exercises be successfully 
conducted at the location? 


This problem requires the use of 
hindeast frequencies from the 
interval table which summarizes 
all months. We proceed following 
the steps outlined in Question 2.. 
Step 1. Compute the percent of 
<12 ft waves that Ilasted 2 
davs. This requires estimation 
of the total number of hindcasts 
meeting this criterion. 


Estimation is necessary because 


beyond one day, the 0.25 day 
resolution of the hindcasts is 


lost in the summary process, -s0- 


we must approximate the average 
number of hindcasts per interval, 
Since the 1 to 2 day interval 
includes episodes consisting of 
1.25, 1.5, 1.75 and 2 days (that 
is 5, 6, 7, and 8 hindcasts), the 
average hindcasts per interval is 


6.5. In this example it will be 
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Interval 





0.25 day 
0.50 day 
0.75 -day 
1 day 

le2 days 


easier and more accurate to find 
the percent for <2 days then 
subtract from 100 to obtain the 
percent we require. The 
procedure is as follows: 


Hindcasts Hindcasts Not 
per Frequency 212 Ft Lasting 
Interval (From Table) <2 Days 
1 x 53 = 53 
2 x 34 ™ 68 
3 x 25 = 75 
4 x 15- = 60 
6.5 x 52 = 338 
TOTAL: 594 


Thus, the percent of <12 foot 
waves that lasted <2 days is (594 
+9056) X 100% =-6.6%. The percent 
of <12 foot waves that lasted >2 
days is 100% ~ 6.6% = 93.4%. 

Step 2. The percent of waves <12 
ft is (T*/TH) X 100% or (10761 
+ 13606) X 100% = 79.1%. 

Step 3. The answer is 93.4% X 
79.1% = 73.9%. 
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APPENDIX F 


COMPARISON OF SOWM WITH 
OTHER CLIMATOLOGIES 


In this section; three other sources of 
wind and wave data that already have been 
summarized are compared to the SOWM hindcast 
data (hereafter referred to as SOWM) namely: 
(1) U. S. Navy Marine Climatic Atlas of the 
World, Volume I, North Atlantic Ocean (1974) 
(hereafter referred to.as SHIP) (2) U. S. Army 
Atlantic Coast Hindcast, Deep Water, Significant 
Wave Information (1981) (hereafter referred to 
as ARMY; and (3) Climatic Summaries for NOAA 
Data Buoys (1983) (hereafter referred to as 
BUOY). Detailed information regarding the 
compilation of each of these three climatic 
atlases is contained within each atlas, but for 
the convenience of the reader a brief summary of 
each of the data sources follow. 


The SHIP atlas contains climatic summaries 
of wind and wave data derived from archived 
observations of transient ships and Ocean 
Weather Stations (OWS) across the North Atlantic 
Ocean. The summaries are based on data dating 
back to the nineteenth century, but the 
overwhelming majority of the data comes from the 
1950s and 1960s, and early 1970s. The wind 
speed from transient ships is often estimated 
rather than measured, while the OWS winds are 
measured. Quayle (1974, 1980) has shown that 
the. long-term climatologies from measured winds 
(particularly at high wind speeds ) at OWS are 
in fair agreement with estimated winds from 
transient ship observations. Cardone (1969) 
summarizes previous investigations of bias. in 
winds reported by ships using the following 
formula (in knots): 


Ue = 2.16 ul /9 (F1) 


Where U, is the corrected wind speed and Uy, is 
the observed wind speed from a_— single 
observation. The results of Quayle (1980) and 
Cardone (1969) are not necessarily in 
disagreement since the resuits of Quayie's study 
refer to climatological means and Cardone's 
study to individual ship observations. On the 


360° 





used in the ARMY may result in significan 


other hand, it has been generally recognize 
that wave data climatologies based upon visui 
ship observations reflect heights that are tc 
low. Quayle and Changery (1982) provide severa 
reasons for this discrepancy. 


1. Until July 1963, only the higher wav 
train was digitized from the ship report 
Therefore, to mix pre-July 1963 data with late 
data in a consistent fashion, one could use on] 
the higher of sea and swell. This, indeed, 1 
the recommended procedure by the Worl 
Meteorological Organization (1960). By usin 
only the higher of sea and swell, th 
significant wave height H (average height of ch 
highest one-third of all waves present) i 
underestimated; a better estimate being: 


A, = (H’sea + swell)? (F2 
according to Darbyshire and Draper (1963) 
further elaborated by Jardine (1979), an 


Jardine and Lathan (1981). 


2. A fair-weather bias toward lower wave 
is sometimes suspected, as ships may try t 
avoid bad weather (Quayle, 1974). However 
since ships often must slow down in storms, mor 
data will be reported, thus possibl 
counteracting the fair-weather bias. Further 
winds appear to be relatively more accurate tha 


waves (Quayle, 1980), a situation tha 
complicates simple “fair-weather bias 
hypotheses. 





3. The height of the bridge on a_ typica! 
ship may be some tens of meters above the se 
surface, thus making waves appear smaller tha 
they actually are. 












Wave heights in the ARMY have _ bee 
summarized for 13 points off the east coast o 
North America. Like the SOWM these data wer 
also derived from a discrete spectral mode 
(Resio, 1981). However, for fetch-limited an 
duration~limited waves in their early stages 0 
development, Dexter (1974), and Resio an 
Vincent (1979) indicate that a model such a 


differences from other discrete spectral models 
For example, the SOWM does not use parameterizec 
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ta climatologies based upon visual 
utions reflect heights that are too 
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il July 1963, only the higher wave 
“digitized from the ship report. 
ro mix pre-July 1963 data with later 
mnsistent fashion, one could use only 
fof sea and swell. This, indeed, is 
fended procedure by the World 
foal Organization (1960). By using 
Ini gher of sea and swell, the 
f wave height H (average height of the 
fe~third of all waves present) is 
fred; a better estimate being: 

Wsea + H@swell)? (F2) 
ito Darbyshire and Draper (1963), 
taborated by Jardine (1979), and 
‘Lathan (1981). 


ffair-weather bias toward lower waves 
B suspected, as ships may try to 
weather (Quayle, 1974). However, 
; often must slow down in storms, more 
be reported, thus possibly 
ing the fair-weather bias. Further, 
br to be relatively more accurate than 
Bayle, 1980), a situation that 
simple “fair-weather bias” 


pe height of the bridge on a typical 
® some tens of meters above the sea 
bus making waves appear smaller than 
Bly are. 


Fheights in the ARMY have _ been 
for 13 points off the east coast of 
Bca. Like the SOWM these data were 
id from a discrete spectral model 
Bl). However, for fetch-limited and 
poited waves in their early stages of 
‘5, Dexter (1974), and Resio and 
79) indicate that a model such as 
he ARMY may result in significant 
§.from other discrete spectral models. 
i, the SOWM does not use parameterized 
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nonlinear wave growth theory, but the ARMY model 
does contain such parameterization. The ARMY 
model was run for the same 20-year period as the 
SOWM. In fact, the input wind fields were 
generated from the same reconstructed sea-level 
pressure fields used in the SOWM. However, 
based upon comparisons of the pressure fields 
used by. the SOWM and the National Weather 
Service's (NWS) seamlevel pressure field, the 
U.S. Army Hydraulics Laboratory (1980, 1982) 
concluded that the pressure field used by the 
SOWM was incompatible with pressure measurements 
near storm systems off the east coast of North 
America. This may be due to a combination of 
the blending procedure used to produce pressure 
gradients and the relatively large grid spacing 
(approximately 200 nautical miles at 50°N) used 
to capture the central pressure of extratropical 
storms. For this reason the SOWM sea-level 
pressure fields were supplemented with NWS data. 
For storms within a specified area near the U.S. 
Atlantic coast, the pressure field was 
represented by NWS data, and for storms outside 
this area, NWS data were blended with the SOWM 
sea-level pressure fields. Based on this 
reconstructed sea-level pressure field, a 
frictionless quasi-geostrophic wind speed is 
estimated and reduced to a level of 64 feet 
after consideration of thermal stability. 


Climatic summaries for the BUOY are derived 
from NOAA data buoys 41001 (34.7N, 72.3W) and 
42001 (26.0N, 90.0W). They provide one of the 
few sources of measured wave data. 
Unfortunately, the period of record (1976-1982) 
and the number of these buoys are limited. The 
two buoys available for comparison with the Navy 
are located off the east coast of North America 
and in the Gulf of Mexico and contain about 
10,000 hourly or three-hourly observations. 
Both wind and wave summaries are contained in 
the BUOY atlas. The data for the two buoys were 
acquired from a 12-m discuss hull, but after May 
1977 buey 42001 used a boat shaped hull 6m by 
3m. The meteorological sensors were located 5m 
to 10m above the water. Part of each buoy 
payload included a strapped down accelerometer 
and an electronic double integration system. A 
digital filter called the "Wave Spectrum 
Analyzer" (WSA) was used to process the output 
through most of 1979. Due tc a noisy signal the 
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quality of these data were not as good as had 
been desired, and contain numerous periods of 
missing data, but have been deemed acceptable to 
most users of the data (NOAA Data Buoy Office, 
1982). Higher quality data were available after 
1978 by using a more advanced payload system and 
a refined spectral system, the “Wave Data 
Analyzer” (WDA). 


Comparisons of the wave period between the 
various atlases have purposely been avoided. 
Users showld be cautioned that the wave periods 
summarized in the ARMY and tle SHIP atlases are 
associated with the higher of the two wave 
components, the sea or the swell. In the BUOY 
atlas, the wave period summarized refers to the 
average wave period. In this atlas the wave 
pericd, as. described in Appendix C, is the 
period associated with ‘the largest variance 
density in the variance spectrum. 


Wave height and wind speed cumulative 
relative frequencies for various class intervals 
can be derived from the wind and wave summaries 
from-each atlas (except the ARMY where wind 
information has not been summarized). The upper 
limits of the class intervals. contained in each 
atlas are listed in Table Fl. Using the 


TABLE F1 


UPPER LIMITS OF CLASS INTERVALS USED FROM 
VARIOUS WIND AND WAVE CLIMATOLOGIES 


WIND:SPEED (kn) | | WAVEHEIGHT (ft) = 
MY| SHIP |BUOY|sowm| ARMY | SHIP |BUOY| 
| 38) 3.5 : Af 











- 156, 3.3 
‘|. 4.9, 6.6 
- 8.2, 9.8 
11.5, 13.1 
-14.8, 16.4 
-18.0, 19.7 
-21.3, 23.0 
24.6, 26.2 
‘|-27.9, 29.5 
31.2, 32.8 
34.4, 36.1 
37.7, 39.4 
42.6, 44.3 
45.9, 47.6 
49.2 
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cumulative relative frequency statistics. and: 
class limits in Table Fl, ogives were develc 
for nearby areas from each data sou 
seasonally, monthly, and annually (depend 
upon the averaging period of the initial d 
summaries). The class intervals lacking up 
bounds were not used. The actual values of 
wind speed and wave height from the 5th, 20 
50th, 80th, and 95th (and occasionally oth 
percentiles were derived from each ogive. 
some i..stances the lower percentiles could 
be used because too many observations fell i 
the first class interval. These values w 
then compared for rearby locations. It _ sho 
be noted that for each comparison, signific 
gradients between the locations of interest w 
avoided. This was determined by checking eit 
1° or 2° squares of summaries of si 
observations for wave heights and wind speeds 


For the wind speed comparisons, the bi 
data were adjusted to a level of 20m. Stabil: 
estimates were made by using monthly averages 
air~sea temperature differences. Ad justmer 
were made using the equations recommended by t 
World Meteorological Organizaton (Dobson, 198] 
No height corrections were applied to da 
obtained from the SHIP atlas. The avera 
anemometer height for merchant ships is alrea 
close to 20m, and a height correction cou 
introduce unpredictable errors as a result 
flow distortion around a ship (Dobson, 1981). 


The results of the SOWM and SH 
comparisons of wind speed and wave height f 
seven areas in the North Atlantic Ocean a 
shown in Figs. Fl through F8, respectivel 
From Figs. Fl through F4 it is immediate 
apparent that the SOWM winds are often low 
than the winds as presented in the SHIP atla 
This discrepancy is most striking in the weste 
North Atlantic Ocean and in the Gulf of Mexic 
The differences generally diminish and sometim 
change sign in (Figs. Fl through F4) moving fre 
southwest to northeast. It would be difficu! 
to rationalize systematic spatial errors in tt 
winds obtained from the SHIP atlas 
Undoubtedly, some of the differences can t 
attributed to the underestimation of tk 


intensity of extratropical storms by the SOWM 
due to the inadequate definition of the centra 
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) the inadequate definition of the central 








pressures of these storms by the SOWM sea-level 
pressure field. This would be most appiicable 
to storms of rapid development and fast movement 
(U.S. Navy, 1975), as commonly occur off the 
east coast of North America. The consistently 
weaker winds of the SOWM in the Gulf of Mexico 
is noteworthy, particularly since the 
differences become less during the stormier 
times of the year. 


The SOWM wave heights are shown to be 
significantly higher for the three or four more 
northerly areas of comparison (Figs. F5 through 
F8), particularly during the winter when the 
wave heights are high. They depict the bias 
toward lower wave heights in the SHIP atlas, 
sometimes even when the wind field in the SOWM 
is less than that observed by ship observations. 
Pierson (1982) states that despite lower winds, 
the SOWM often gives higher waves compared to 
visual estimates. This is attributed to the 
processing and observational biases in the SHIP 
atlas. In the areas located further south and 
east, wave heights are equal to or lower than 
those in the SHIP atlas, especially during the 
summer months. The general characteristics of 
the wave height comparisons more or less 
substantiate the underestimation of the wind 
field near the U.S. east coast by the SOWM. 
Pierson (1982) also indicates that the errors in 
the SOWM's wave heights are strongly dependent 
upon wind speed specification errors. Assuming 
a simple relation between a fully dveloped wave 
spectrum (sea) to the local wind speed (a gross 
simplification), Pierson (1982) shows that 


1/3 = 1.82 x 10°77 u? (F3) 


where Hj/3 is in feet and u2 is the wind speed 
in knots. As an example, Table F2 depicts the 
differences in wave height for the month of 
November that would be expected if the wind 
speed as summarized in the SHIP atlas for the 
location 44N, 41W (Ocean Weather Ship E) were 
used in Eq. F3 as opposed to the speeds from the 
SOWM grid point at 44.1N, 42.1W. From Table F2 
and Figs. F5-F8 it can be seen that the SOWM 
atlas wave height climatology should be an 
overall improvement over the SHIP atlas wave 
climatolesy (especially in the areas and times 
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of the year when high seas are common). 
However, in cases where the SOWM input winds are 
significantly low, the resulting wave heights 
may not be as high as they should be. This 
could occur even when the wave heights produced 
were comparable to those reported in the SHIP 
at‘as, because in these instances. the wave 
heights reported in both the SHIP and SOWM 
atlases might in fact underestimate the actual 
wave height. 


Since the ARMY did not contain wind 
summaries, comparisons with the SOWM = are 
available for wave heights only (Figs. F9 
through ¥12). It can be safely assumed, 
however, that the ARMY input wind field was 
generally stronger than the SOWM (U.S. Army 
Hydraulics. Laboratory, 1980). The SOWM and ARMY 
wave heights are compared for the four seasons 
(winter, January through March; spring, April 
through June, etc.). Two ARMY points off Cape 
Hatteras are compared to the same SOWM grid 
point, since one point is just north and the 
other south of the SOWM point. Another 


comparison is made for two nearby points off 








TABLE :F2 
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Florida's east coast. For all seasons and all 

comparisons the ARMY waves are higher -tthan the 
SOWM waves. The SOWM waves are generally 10 to 
20% lower than the ARMY wave heights during the 
spring and summer, and generally 10 to 30% lower 


during the fall and winter. Undoubtedly, a 
large portion of this difference can  be_ 
attributed to the input wind fields -generating 
the waves (see Appendix B). 


Due to the limited observational period in. 
the BUOY atlas, only the annual wave and wind. 
summaries are compared to the SOWM atlas values: 
(Figs. Fl13 and F14). The SOWM atlas wind speeds 
and wave heights are lower than those in the 
BUOY atlas for the comparative data off Cape 
Hatteras. In contrast, the SOWM wind speeds for 
the Gulf of Mexico grid point (Fig. F13) are 
close to those reported by the BUOY atlas while 
the wave heights are higher. Unfortunately, the 
period of record summarized for the BUOY atlas 
covers only recent years and does not match the 
SOWM period of record. This may have introduced 
some bias in these comparisons. For example, 
when an ovelapping period of wind speed data 
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(August through December 1975) for the BUOY and 
SOWM grid point in the Gulf of Mexico were 
eompared, the SOWM had stronger winds (2 to 4 
knots) than those in the BUOY atlas. 
Nonetheless, if one assumes the BUOY climatology 
is vepresentative, both sets of comparisons 
would suggest that the SOWM -overestimates wave 
heights in Central Gulf of Mexico. But, if this 
is the case, the SHIP atlas overestimates the 
waves by an even greater magnitude ... a 
conclusion that has not been reached in any of 
several previous analyses of transient ship and 
ocean weather station data. 


Table F3 presents a qualitative summary of 
the differences between SOWM data and the other 
data sources examined. In general off the 
southeast coast of the U.S., the wave heights 
reported in the SOWM atlas are less than _ the 
wave heights reported in the other atlases. In 
other areas where high seas are a _ typical 
climatic feature during the stormier seasons of 
the year, SOWM atlas wave heights are generally 
hiigher than SHIP atias wave heights. The ARMY 
atlas and the BUOY atlas do not provide wave 
data for these areas. 
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TABLE F3 


QUALITATIVE SUMMARY OF DIFFERENCES BETWEEN DATA TYPES IN THE 
NORTH ATLANTIC OCEAN FOR SOWM, ARMY, BUOY, AND-SHIP ATLASES 
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FIG. F7_ DIFFERENCE (SOWM-SHIP) AND RATIOS (SOWM/SHIP) OF SOWM AND Si 
PERCENTILES AND THEIR ASSOCIATED WAVE HEIGHTS 








105° 100° 90° ° ° 
70° 40° 30 . 


@ 4% 

























—{ 
‘< bs —j 
60° , 0 
—0.7 ft: 0.9: 30%: 3.9 ft -0 
0,3 ft: 1:0: 50%: 5.6 ft 
1.0 ft: 1.1: 80%: sat | 
0.3 ft : 1.0: 95%: 15.4 ft 
50° 
r ? —2.3 ft: 0.6.: 40% : 3.3 
Soe /d —2.6 ft : 0.6 : 50%: 3.9f 
~2.6 ft: 0.7 : 80% : 6.6f 
@| 2.6 ft : 0.8: 95%: 9.8F 
a” —2.0 ft : 0.6 : 70% : 3.0 ft 
40° E 1:3-ft--0:8--80%+-4:3-ft 
@ 1.7 ft: 0.8 : 95% : 6.6 ft : 
©O_3.6 ft: 0.5 : 80% : 3.0 ft 
—4.3 ft: 0.5 : 90% : 3.9 ft 
~5.34t: 0.5: 95%: 4.9 ft 
ws 
3¥t : 0.4 : 95% : 2.6 ft 
N a 
vs | 
dogeu aeeeReens thissrats rece ee auc trtan enainen ansaid naan | 
4 “105° 100° 90° 80° 70° 60° 50° 40° 30° xt 
f 370 . . . 
E () ! 





0. 
E 1. 
A. 
A. 





e 
4 


: 30%: 
: 50% : 
: 80% : 
: 95% : 


Heh 


~2.3 ft: 
—2.6 ft: 
—2.6 ft: 
R96 ft: 


—.— —0,7Lft-:-0.9.:.80%.:_9.2-F 
—0.7/ ft : 1.0: 95% : 14.8 ft: 


3.9 ft 


5.6 ft 
9.8 rl 
15.4 ft 


0.6: 
0.6: 
0.7: 
0.8 : 


40% : 
50% : 


80% : 
95% : 








-1.3}ft : 0.8 : 30%: 3.6 ft a 
—1.0/ft: 0.9: 50%: 5.2 ft es 
i 


3.3 ft 
3.9 ft 
6.6 ft 
9.8 ft 





10° 
























ig a 


if 


t:0. ae 
a 


Of 
is ft: 0. eae = 


ae 1,6): 95% : 8.5 ft 











10° 20° 


TPT Ayr creer Peery 
r) 
Wag Noe AUGUST ao 


70° 


50° 


















FIG. F8. DIFFERENCE (SOWM-SHIP) AND RATIOS (SOWM/SHIP) OF SOWM AND SHI 
PERCENTILES AND THEIR ASSOCIATED WAVE HEIGHTS 


105° 100° a 
0° L i 






80° oe 













50° 40° 30° 2( 








if a 
1.3 ft: 1.44: 5%: 4.9 ft 
2.6 ft: 1.51: 20%: 8.2 ft 
4.6 ft : 1.64: 50% : 13.1 ft 
7.3 ft : 1.6): 80% : 20.3 ft “@ 
be 9,2 ft : 1.4): 95% : 30.2 ft 








i 10.7 ft:0.9: 5%: 
Sez of 10.3 ft: 1.0 : 20% : 
SC pe ep 0-3 ft 1.1 5 50% : 
1.3 ft: 1.1: 80%: 
{HOR O.8: 2045 G0 AS ieee 
Q* 0.0 ft: 1.0: 50%: 5.9 ft eee Mr ne 
J O:7 ft 1-1-5 80% 10:5 oe 
wi 1.0: 95% : 15.4 ft ee 
9016 20.7: 30%: 26ft 


—2.0 ft: 0. [: 50%: 4.6 ft 
—2.6 ft: 0.8: 80%: 82ft 
~4,3 ft: 0.8: 95%: 12.8 ft 


10.7 : 60% : 3.3 ft 
G8: 80% : 4.9 ft | | 





OB. 95% : 6.6 ft 


7“ ERTEOTOTE TERT OREO NTT boli 
60° 50° 40° 30° 2( 

















(SOWM/SHIP) OF SOWM AND SHIP WAVE HEIGHTS FOR SELECTED SOWM 
FWAVE HEIGHTS 


50° «4S 30° 20° 10° We 





EB 20° 
09 






10° 












NOVEMBER 


a 







0.7 ft:1.2: 5%: 4.6 ft 
1.34t:1.2: 20%: FS ft 
3,6 ft: 1.4: 50%: 125 ft 
~4-6-4t---1-3--80%--18:7-ft 4 





1.3 ft: 1.4): 5%: 4.9ft 6.6 ft: 1.3: 95% : 27.9 ft# 
2.6 ft: 1.5): 20%: 8.2 ft fa 
4.6 ft: 1.6}: 50% : 13.1 ft [I ry 

7.3 ft : 1.61: 80% : 20.3 ft 
9.2 ft: 1.4 


9.2 ft : 1.4]: 95% : 30.2 ft SEH! 
ba 10.7 ft:0.9: 5%: 3.6f 


10.3 ft: 1.0: 20%: 6.2ft 
0.3 ft: 1.1: 50%: 10.2¢ 
1.3 ft: 1.1: 80%: 15.44 
0.7 ft: 1.0 : 95% : 21.7 f 






3.0 fF ee 
95% : 20.0 ft 


a 


50° 






F: 0.8: 20%: 3.0 ft 
21.0: 50%: 5.9 ft 
FT 117 80% 10:5 F 
B: 1.0: 95% : 15.4 ft 





30%: 2.6 ft 
150%: 4.6 ft 
80% : 8.2 ft 
95% : 12.8 ft 

















FIG. F9 DIFFERENCE (SOWM-ARMY ) AND RATIOS (SOWM/ARMY) 
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FIG. FI2_ DIFFERENCE (SOWM-ARMY } AND RATIOS (SOWM/ARMY) 
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WIND SPEED DURATIONS - ALL DAYS 


SEQUENCE NUMBER 79 _GhID POINT-SUBPROJECTION NUMBER 999-9 





Ly Events with wind speeds 24 kn. persisted 0.5 day; 57 evenis 
persisted >1 day but <2 days. 


\ 
The longest event with wind speeds >41 kn. persisted 1.75 days at 
j 
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y 
and it occurred 2 times. — ~———-$—-—-$— — ¢ H j 
The longest event with wind speeds 234 kn. persisted 3. days — yh 
and it occurred 1 time. — - = — ee en ee eee ; 
4é2 Events had wind speeds >4 kn. which comprised a total of Jy 
12,384 hindcasts. — —-— — — — —--—--———----- | 
Gee Hindcasts were examined, and-12,640 had wind speeds ae 
24 kn —-—- —- —- — ee ee ee err 


Durations extend from the time the event begins and terminate 
when the event ends. Events become undefined if missing data is 
encountered. 


WAVE HEIGHT INTERVALS - ALL DAYS 
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\Y Interval between events.of wave heights >34-:ft. (10.4m) persisted\ If 
0.5 day; 2-intervals-persisted >1 day but $2 days. i! 
The longest interval between events of wave heights 23 ft. (0.9m) 4 i l 
was 18.25 days and it occurred 2.times.-————-— ——~-—— 7 | 
The longest interval between events of wave heights =40 ft. oe i! 
was 308.25 doys and it occurred 1 time.- — =~ 7 i 
There were 4Ol-intervals between events of wave heights Pi [- 
23 ft. (0.9m) which comprised a total-of 3,133 hindcasts.— —~ ‘ 


13,606 Hindcasts were examined,-and 3,208 had wave heights <3/ 
f.(0.9m),———-—— nn 
Intervals extend-from the-time the-event ends sad terminate when 
the event begins. Intervals become undefined if missing-data is 
encountered. 


TE or Ti: 


ABBREVIATIONS (See text for details} 
MAX: Maximum duration or interval, followed by the number of occurrences. 
Total number of events or intervals. 
T: Total-number of hindcasts included in TE or-Tl. 
Te: Total number of hindcasts t!:=t met the-stated criteria, 
TH: Total number of hindcasts examined. 
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11 Interval between events of wind speeds >48 kn. persisted 0. 
day; 4 intervals persisted > day but <2 days. 


The longest interval between events of wind speeds >4 kn. was 


6.25 doys and it occurred | time. ‘ 
The longest interval between events of wind speeds >7 kn. was 7 


ee oe ee ee ee ee 


8.75 days and it occurred 2 times. --— ~~ , 


There were-451 intervals between events of:wind speeds —_ 
24 kn. which comprised a total of 963 hindcasts. ~~ ~~ ~~ 


13,606 Hindcasts were examined, and 966 had wind-speeds <4 kn. 


Intervals-extend from the time the event ends and terminate when 
‘the event begins. Intervals become undefined if missing data.is 
encountered. 


WAVE SLOPE a DURATIONS-- ALL DAYS 
SEQUENCE NUMBER 99 _ GRID POINT.SUBPROJECTION NUMBER 999-94 
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32 Events with « 20.01 persisted .25 day; 19 events persisted >1 \\ { 
day but <2 days. A \ oF 
The longest event with a 20.12 persisted 3.25 days andit_ 7“ 11 ' 
occurred | time. —-——-—— \ I 
The longest event with « >013 persisted 1.50 days and it occurred} j i 
2 times. ~-———— — — rr rrr 18 
267 Events-had a x20: 01 which comprised a total ot 20,760 ee a 

hindcasts, —- -—--- rrr 2 
29; 016 Hindcasts-were examined, and 28,054 had «-2:0.01.---~ : 
Durations extend from the time the event begins. and terminate 3 
when the event ends. Evsnts become undefined if missing dota is 3 
encountered. - 
“ 
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HM between events of wind speeds 248 kn. persisted 0.5\ 
tervals persisted>1 day but <2 days. i 
\ 


pest-interval between events of wind speeds 2:4 kn. was | 
Bs and it occurred 1 time. hen | 
st interval between events of wind speeds >7 kn. was 


and it occurred 2 times. : 
e 451-intervals between events of wind speeds 
yhich comprised a total of 963 hindcasts. ~~~ ~~ 
Rindcasts were examined, and 966 had wind speeds <4 kn.” 
Bexiend from the time the event ends-and-terminate- when 

p becins, Intervals become undefined if missing data is 
ed, 


PE. cc DURATIONS - ALL DAYS 
SEQUENCE NUMBER 99 GRID POINT-SUBPROJECTION NUMBER 999-9 
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DAYS POURATION OF EVENTS NK 


> ost event with a 20.12 persisted 3.25 days and it ~~ | 


\ 

\ 

BL time. —— \ 
fest event with a 20.13 persisted 1.50 days and it occurred]. | 
Bees Oo ate ee ee meee i 
ts had a 20.01. which comprised a-total: of 20,760 _ et 
Mita ae A a ee ee as ee Se / 

7a 


efits were examined, and 28,054 had a 20.01.---~ 


6 extend from the time the event begins-and terminate 
b-avent-ende: -Events become-undefined-if-missing-data-is 


imber of occurrences. 












WAVE HEIGHT DURATIONS - ALL DAYS 
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\—33 Events with wave heights >3 ft. (0.9m) persisted 0.5 day; 68 
events persisted >] -day-but <2 days. 


\ 
} 
The longest event with wave heights >28 ft. (8.5m) persisted 2 A } 


days and occurred 2 times.~—————————————~-— - al 
The longest event with wave heights >24 ft. (7.3m) persisted 25,// a 
days and occurred 1 time--———— —~— ot : | 


393 Events had wave heights 23 ft. (0.9m) which comprited a at ; 
total:of 10,094 hindcasts. ——— —~— ~-—-— — —-—- =——— / 
13,606 Hindcasts were examined, and_10, 398 had wave heights , } 
>3 ft. (09m), -~---— ~ —-- ~~ eee 
Durations extend from the time the event begins and terminate 
when the event ends. Events become-undefined if missing data is 
-encountered. 


WAVE SLOPE « INTERVALS-- ALL DAYS 
SEQUENCE NUMBER 99 _GRID POINT-SUBPROJECTION NUMBER 999-9 
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yeere oo ! 
( oN 
S~2 Intervals between events of wave slopes-20.13 persisied 0.5- | iY 
day; 1 interval persisted >] day but-<2 days. f if 
The-longest interval between events of wave slopes 20.15 a7 ti 
was 16.25 days and it-occurred | time. — 7 ; ! 
The longest interval between events of wave slopes- 20: Oo, I 
was 5.25 days and it occurred 2.times.~ tT / 


There were 286 intervals between events of wave slopes 20.017 
which comprised a total of 961 hindcasts, 7 TOTO 


29,016 Hindcasts were-examined, and-962.hdd wave slopes <0.01. / 


Intervals_extend from the time the event ends and terminate when 
the-event begins. -Intervals-become undefined-if missing data-is 
encountered. 


~ 
OO ee ee ee oe 









sn pig tl A i a ih a ad aes Sh ca daa ainsi 


e 









eas Ba te Lat dl Seta chia mil PERE INs ae en OTe ete ten” tlre game tlle at ipblied 


N ‘ 
HM. aby 4. 


ca rn eae a 
Saou dt Je Tate used itsthued awa 


: ee a Ss ae oe ee : — ™ _— 
- ql 


ine ree ome 20 SE Es nari eae rence tatiana yt eo 


sty 7! 







LEGENDS FOR TABLES 


WIND SPEED DURATIONS- MONTHLY WIND SPEED INTERVALS - MONTHLY 


SEQUENCE NUMBER 99 _ GRID POINT-SUBPROJECTION NUMBER 999-9 












SEQUENCE NUMBER 99 GRID POINT SURROIECTION NUMBER 999-9 











36 42 48 54 60 8 84 90 96+ | MAX 


66 7’ i 
~HOURS INTERVAL SEIWEEN EVENTS/ \ me 


call atte aT ws po) abt 


[RRR 52 Cea NA ! 
\ ; ey Se ‘ 
1 SS 
=I Even) yah pine speeds 27 kn, persisted 12 hours; 26 events one \ “There wera 18 12. eur inlervols perwess events of wind speeds \\ ‘ 
persiste ours. \\ 17 kn.; 4 intervals persisted 96 hours or more. eI 
The longest event with wind speeds 27 kn.-persisted for 1 month h J ‘ ; The longest interval between events of wind speeds >7- Eri J yh] 
or more and it occurred 2 times, —————————————= 7 \t was 36 hours and it occurred I time, ~~—-——-—-——— ! | 
het longest a with wind-speeds 248 kn. persisted 18 hours. I! The longest interval between events of wind speeds 264:kn. wos 4 | 
and it occurred 1 time. ~~ —-— -—-— = ero ! 1 month or more and it occurred 9 times.- == i] 
. I 

41 Events had wind speeds-24 kn. which comprised a total of 1,336 i There were 32 intervals between events of wind speeds 24 kn ae 
A ? I 

hindcasts, — — a me nn } which comprised a total of 40 hindcasts. ———— — — ~~~ / 


1,483 Hindcasts were examined, and 1,443 had wind speeds 24 kn. 7 


Durations for a particular month extend from the time the event 
begins (or the first-of the month if already in progress), and term:- 
nate when.the event ends. Events become.undefined.if missing- 


1,235 Hindcasts were examined, and 40 had wind speeds <4 kn. - 


Intervals for a particular month extend from the time the event ends 
(or the first of the month if the event is not in progress), and termi- 
nate when the event begins. Intervals become-undefined if missing 


data is encountered. Durations lasting-a month-or more are data is encountered. Intervals lasting a month or more are 
categorized together. Durations may persist into the next month(s). categorized together. Intervals-may-persist into the next month(s). 
WAVE HEIGHT INTERVALS-- MONTHLY WAVE SLOPE a DURATIONS - MONTHLY 


SEQUENCE NUMBER 99 GRID POINT SUBPROJECTION NUMBER 999-9 # 
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1 36 ms Zz 189 [169 a i timo tat ar} 2550] 269612793] | 
=3Leff 27 at To Tt re eo SE zaL TZ 5 23])MO-16 Nod 2a | teat | 2855) 3 
6112 WB 24 30 36 42 AB 54 60 56 72 78 84 90 96+) MAX \TIKT ; o/12 18 24 30 36 4278 $4 60 66 72 76 B4 90 96+ \MAX LIER T : 
—~L—_______ HOURS INTERVALS BETWEEN EVENTS/ Nesta \ | 7 Z-7 HOURS DURATION OF EVENTS “NANA tr: 
pa on 2 12: eau ecole paleash events of wave heights\\ \! el ~sS, 4 : 
m); 4 intervals persisted 96 hou I ; , F = : 
P iad alas Ns Thy \_2-Events with « 0.02 persisted 12 hours, 30 events persisted AK : 
The longest interval between events of wave-heights >6 ft. (1.8m) 4 | | >96 hours. i 1: 
was-132 hours and it occurred 1} time.— —~- ————-———— car | is gil 4 
The:longest interval between events of wave heights >64 ft. Jil The longest event with a 20.13 persisted 18 hours and it occurred), lr e 
(19.5m) was }- month or more and it occurred 9 times. —-—-———" | | Lime Se er nn itt 2 
ti The longest. event with a 20.02 persisted for 1 month or more andii? ~ 
There were 13 intervals between events of wave heights >3-ft. yl t deebtrad Id ike ae a See “tp 3 
(0.9m) which comprised a total of 23 hindcasts,- ————~-—— - | ea ; 
/ 24 Events had a 20.01 which comprised a-total of 2,477 hindcasts.4/ 
1,235 Hindcasts were examined, and 23 had wave heights <3 A wy pe 
(OG co ee eee 2,659 Hindeosts were examined, and.2,641 had a 20.01.-—-~— ; 
Intervals-for a particular. month extend from-the time the event ends Durations for a particular month.extend from the time the event - 
(or the first of the month-if the event is not in progress}; and termi- begins-(or the first of the month if already in progress), and termi- 
nate when the event begins. Intervals become undefined if missing nate when the event ends. Events become undefined-if missing-dato ; 
data is encountered. Intervals lasting a month or more are- is-encountered. Durations lasting a month or more are categorized f 
categorized together. Intervals may persist into the next month(s). together. Durations may persist-into-the next month(s). 3 


ABBREVIATIONS (Sée text for-details} 
MAX: Maximum duration or interval, followed by-the number of occurrences. 
TE or Tl: Total-number of events or-intervals. 
T: Total number of hindcasts included in TE or TI. 
1) Tw: Total-number of -hindcasts that-met-the stated-criteria. 


TH: Total-number of-hindcasts-examined. : 
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NTERVALS - MONTHLY 
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acts were examined, and 40 had wind speeds <4 kn. “7 


bra particular month-extend from the:time the event ends 
@ of the month if the event is not in progress}, and termi- 
the event begins. Intervals become undefined if missing 
BR ountered. Intervals lasting a month or more are 
id-together. Intervals may persist into-the-next month(s}. 
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WAVE HEIGHT DURATIONS - MONTHLY 


SEQUENCE NUMBER 99 GRID POINT-SUBPROJECTION NUMBER 999-9 















(0.9m). —— ——— a 
Durations for-a particular month extend from the time the event 
begins (or the first of the month if already in-progress), and-termi- 
nate-when the event ends. Events become undefined if missing 
data‘is encountered. Durations lasting a month or more are 
categorized together. Durations-may persist into the next month(s). 


WAVE SLOPE a INTERVALS - MONTHLY 
SEQUENCE NUMBER 99 GRID POINT-SUBPROJECTION NUMBER 999-9 
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Cy Events with wave heights >6 ft. (1.8m) persisted 12 hours; 22‘ \ ‘ i 
fe 18 aig inverale Rervone events of wind speeds AN : events persisted =96 hours. et 
wnferva s persiste nites ANOES: . V1 The longest event with wave heights 23 ft. (0.9m) persisted 1 i ; ' 
interval between events of wind speeds 27 kn. ANI month or more and it occurred 8 times, - -——-———~-—— Cyl 
ee The longest event with wave heights 240 ft. (12.2m) persisted furry | 
| 6 hours and it occurred 1 time.——————— = vy 
; 22 Events had wave heights 23 ft. (0.9m) which comprised a total 
| of 1,524 hindcosts\§ -$ -— — = = — on mo ooo” | 
1,649 Hindcasts were examined, and 1,626 had wave heights 23 ft} i 
7 
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— < Sy j o -——— eo gene \ ] ; 
‘ YSN 1 There were 18 12-hour intervals between events of wave NA \I ; ; 
With «20.02 persisted 12-hours; 30 events persisted \ slopes 20.06; 2 intervals persisted 96 hours or more. I\\ ‘ : ; 
i N : 
rT ! The longest-interval between events of wave slopes 20.10 uw \\ { 4 wi 
st:event with « 20.13 persisted 18 hours and it occurred! 1 was 474 hours and it occurred 1 time. ~~ vl : ee 
Ee ai eT ee ee ee It The longest interval between events of wave slopes 20.15 was] Ms | ' , 
Eat event with. 20.02 persisted for 1 month or more and! month or more and it occurred 18 times. ——— = j H ‘ 
#14 times, j I There were 6 intervals between events of wave slopes 20.01 J ; : 
Hhad:a 20.01-which comprised a-total of 2,477 hindcasts./ / which comprised a total of 12 hindcasts. ——— ~~ TTT TOT / i 5; 
F 7 
dcasts ,are-examined, and 2,641 had « 20.01.-—-7"7~ 2,440 Hindcasts were examined, and 12 had wave slopes <0.01.-” i ; 
y ee 
for a particular month extend from the time the event Intervals for a particular month extend from the time the event ends. ; 
F-the first of the month if already in progress), and termi- {or-the-first of the month if the event is not in progress), and termi- : 
B:the-event ends. Events become undefined if missing data nate when the event begins. Intervals become undefined if missing: 4 3 
‘eed: Durations lasting a month or more are categorize data is-encountered. Intervals-lasting a month or more are i ; 
F Durations may persist into the next month(s). categorized together. Intervals may persist into the next month(s). : 
ebercof 6 9 16 24 f 
ber-of occurrences: feet 936112120128 34 40 48 56 64 
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LEGENDS FOR TABLES 


WAVE HEIGHT AND PRIMARY WAVE DIRECTION 


WAVE HEIGHT AND DIRECTIONALITY 

































ae oon —Mean wave height (ft). Zee eSse> Number of hindcasts. 
Ueno o oo Number of hindcasts. yer Leeeeoon Sequence number 
ea Leona Sequence number n3s~ 99 999-9-«--———Grid point-projection 
999. g~-——Grid point-subprojection. | - *, Wave direction frequency (left 
T_T+4#~. — Directionality frequency (left ae ee . ‘ ee perermeges tar 
le 4 
te , scale): Bars are percentages a an an ew) “Wave height frequency (ght 
[+] [4 3 | for each directionality cate- ysis: le): Nurab Ae Ste 
f+{ Til wt gory. Wave height frequency 90 an | 34 ; a er hei nt ore. percenio’ 
r+{ [2]. ¢1 (right scale): Numbers are per- 80 - i ee ee acm 
Oe #64 guntages of dicectionality 70 oi | me | direction. T=Total. U= Undefined. 
oul : o f+ {t4}o4¢ + Means >0,005% but <0.5%. 
lit+fol values vs. wave height. 60 2G \ 
(2 {+ [13| z i Neiee ++ Means >0.005% %50 a 2 16 tT  \<0.5% Of the wave heights were 
I aiefiz) ul but <0.5%. 40 , 2 { 264 ft. (19.5m). 
|_| J3l+|i7},, 4 ~-<0.5% OF the wave he’, i a0 2 ae ~~ 5% Of the primary wave directions 
+] (3 | hata] ' were 2.64 ft. (19.5m). 20 Bo BH s were NW with wave heights >9 ft. 
o [2122p [13] ~~~—1% Of the directionality values 7 : | ai]. x (2.7m) but <12 ft. (3.7m). 
+ DOOD PDs were =95 but <1.00 with wave NE — SE S SW WNW URT S~~28% Of the primary wave directions 
1 - THe L2y heights =9 ft. (2.7m) but-<12 ft. PRIMARY WAVE DIRECTION \ were NW, 
Nae ar ee Oe eee (3.7m) and 2% of the direc- Mets gti oa deca 
\ tionality values were =.90 but ~-2% Ob the primary wave directions 
» <95 = were undefined with wave heights 
Rene >=0 ft. (Om):but <3-ft. (0.9m). 
~~28%-Of the directionality 
values were 2.85 but <.90, ¥ 
PRIMARY WAVE DIRECTION AND WIND DIRECTION 
a ——— Number of hindcasts. 
soe " sear =e a eeauenc® aumeer 


scale): Bars are percentages for 
each primary wave direction. 
Wind direction frequeacy (right 
scale): Numbers are percent- 
ages wind direction vs. primary 
wave direction. U= Undefined. 
C=Calm wind: T=Total. 

+ Means >0.005%:but<0.5%. 


~~-16% Of the winds were NW. 


a ~+—27% Of the-primary wave 
KONG directions were NW. 





\ 82% Of the primary wave directions 
\ were undefined with calm winds. 


Wave direction frequency (left | 
' 
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~~9% Of-the primary wave directions 
were NW with W winds. 
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LEGENDS FOR TABLES 


WAVE HEIGHT AND WIND SPEED 
es Scalar mean speed (kn). Mean wave height (fi). 
Lao 7777 Number of hindcasts. Number of hindcasts. 

wave = oo Sequence number, : Sequence number. 
9” 929:9~« —~=—Grid point-subprojection. “ 999.9—<«-——Grid point-subprojection. 
= Direction frequency (left scale): Bars 
are percentages for each wind 
direction. Speed frequency (right 


scale): Numbers are percentages of 
wind speed by direction. 


~ C=Calm wind. T=Total. 
+ Means >0.005% but <0.5%. 


\~<0.5% OF the winds were >64 kn. 


--3% Of the winds were from the NW 
with speeds >11 kn. and <I7 kn. 


~—--—22% Of the winds were from the 
west. 


~~~2% OF the winds were calm. 


Wind speed frequency (left 
scale): Bors are percentages 
for each wind speed category. 
Wave height frequency (right 
scale): Numbers are percent: 
ages of wave height for 
various wind speeds. T= Total, 
+ Means >0.005% but <0.5%, 


~<0.5% Of the wave heights 
were 264 ft, (19,5m). 


~~1% Of the winds were >48 kn. 
but <64 kn. with wave heights 
234 ft. (10,4m) but <40 ft. (12,2m), 


-——11% Of the wind speeds were 
234 kn. but <4] kn. 
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E HEIGHT AND WAVE SLOPE-a« WAVE HEIGHT AND MODAL -WAVE PERIOD 

. Mean wave slope a, 

Number of-hindcasts. 
Sequence number, 


wa 999-9-«———Grid point-subprojection. Wave height frequency 
(left scale): Bars are-per- 
centages for each wave 
height category. Period 
frequency (right scale): 
Numbers are percent. 
ages of wave height vs. 
period 

T =Total. U=Undefined. 
+ Means >0,005% but 
<0.5%, 


1%-Of the wave periods 
were >4,1s. but <5,7 s. 


(19.5m). —-~- 2% Of-the nye oa 
~—49 were 224 ft. (7.3m) but 
Hel : net pe : <28 ft. (8.5m) with peri- 
a) were 211 but <12 ? Te Sie bu elae 
: with wave heights >28 ft. . , ods 211.6 s, bu 3S, 
\__ (8.5m) but <34 ft. (10.4m). SS 4% Of the wave heights 
‘S17% Of-the wave slopes : were =24 ft, (7:3m) but 
(a}-were >10 but <1. <28 ft. (8.5m). 


Wave slope a frequency 
\ {left scale): Bars-are per- 
\ centages for each wave 
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T=Total. + Means 
>0.005% but <0.5%. 


~<0.5% Of the wave 
heights-were 264 ft. 
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